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ABSTRACT 


Condensation  heat  transfer  performance  on  a  series  of  horizontal  stainless- 
steel  integral-fin  tubes  was  experimentally  studied  at  both  atmospheric  and  vacuum 
pressure  conditions  to  examine  the  effects  of  fin  height  on  tubes  of  low  thermal 
conductivity.  Eight  tubes  with  rectangular  fin  heights  ranging  from  0.16  to  1.42 
mm  and  a  smooth  tube  were  tested.  The  fin  thickness  and  spacing  and  tube  inside 
and  root  diameters  were  kept  constant  at  1.0,  1.5,  13.1,  and  14.2  mm 
respectively.  The  overall  heat  transfer  coefficient  was  determined  from 
experimentation  and  the  outside  heat  transfer  coefficient  was  then  determined  using 
the  modified  Wilson  plot  technique. 

A  fin  height  of  approximately  0.30  mm  provided  the  maximum  heat  transfer 
at  both  vacuum  and  atmospheric  conditions.  Heat  transfer  performance  declined 
steadily  for  further  increases  in  fin  height.  The  experimental  results  were 
compared  to  the  predictions  of  the  Beatty  and  Katz  and  Briggs  and  Rose  models. 
Neither  model  satisfactorily  predicted  performance  for  the  full  range  of  fin  heights 
tested. 
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I .  INTRODUCTION 


A.  BACKGROUND 

The  post-Cold  War  U.S.  Navy  has  faced  severe  budgetary 
pressures  with  a  consequent  loss  of  shipbuilding  and  repair 
monies.  Construction  and  operating  costs  are  proportional  to 
ship  size.  Any  increase  in  equipment  efficiency  allows  a 
reduction  in  component  size  and  weight  and  lowers  the  overall 
cost.  A  majority  of  the  steam  propelled  surface  combatants 
with  their  large  steam  condensers  have  been  replaced  with  the 
smaller,  more  efficient  gas  turbine  powered  vessels. 
Nevertheless,  main  engine  condensers  are  still  required  on  the 
older  auxiliary  ships,  amphibious  ships,  and  nuclear-powered 
vessels.  Many  condensers  are  also  needed  for  the  auxiliary 
equipment  on  all  warships  regardless  of  the  method  of 
propulsion. 

One  of  the  methods  to  improve  the  efficiency  of 
condensers  is  to  add  fins  to  the  tubes.  Fins  increase  the 
surface  area  exposed  to  the  vapor  and  would  normally  be 
expected  to  enhance  condensation.  Ideally,  finned  condenser 
tubes  would  be  made  from  materials  with  high  thermal 
conductivity  to  obtain  higher  heat  transfer  rates. 
Unfortunately,  the  saltwater  operating  environment  of 
shipboard  condensers  requires  that  a  higher  priority  be  placed 
on  corrosion  protection.  Titanium  is  a  suggested  material 
choice  for  use  in  saltwater  applications.  It  is  relatively 
light,  yet  strong,  and  best  of  all,  it  is  extremely  resistant 
to  corrosion  in  the  marine  environment.  Its  disadvantages  are 
high  cost  and  relatively  low  thermal  conductivity  [Ref.  1] . 
The  use  of  fins  could  offset  these  disadvantages  by  increasing 
the  heat  transfer  rate  and  allowing  a  more  compact  and 
inexpensive  design.  However,  there  is  very  little 
experimental  data  available  on  the  performance  of  low 
conductivity  finned  tubes.  Since  titanium  and  stainless  steel 
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have  similar  thermal  conductivities  (14.3  and  18.9  W/m^-K 
respectively) ,  experimental  testing  can  be  performed  on 
stainless  steel  tubes  as  these  are  less  expensive. 

At  the  Naval  Postgraduate  School,  Meyer  [Ref.  2]  explored 
the  effects  of  fin  height  and  tube  thermal  conductivity  on  the 
condensation  of  steam  on  integral  rectangular  finned  tubes 
made  from  copper,  aluminum,  copper- nickel,  and  stainless  steel 
for  a  range  of  fin  heights  from  0.5  to  1.5  mm.  For  the  three 
higher  thermal  conductivity  materials,  increasing  fin  height 
was  shown  to  enhance  heat  transfer  as  shown  in  Figure  1.1. 
The  larger  the  thermal  conductivity  of  the  tube  material,  the 
larger  was  the  rate  of  enhancement.  These  enhancements  are 
greater  than  what  would  be  expected  from  the  increase  in 
surface  area  from  finning.  Equally  interesting,  the  lower 
conductivity  stainless  steel  tubes  showed  an  opposite  trend. 
As  fin  height  decreased,  enhancement  increased.  Because  the 
stainless  steel  enhancement  curve  must  eventually  decrease  to 
one  for  a  smooth  tube,  as  the  fin  height  continues  to 
decrease,  some  optimum  must  exist  at  a  fin  height  below  that 
tested  by  Meyer  [Ref.  2] . 

As  a  substitute  for  experimentation,  many  predictive 
theories  are  available  to  model  condensation  on  finned  tubes. 
They  vary  in  complexity  and  assumptions  and  are  suited  for 
specific  ranges  of  fluid  properties  and  fin  geometries.  At 
present,  no  one  model  accurately  accounts  for  all  conditions. 
Models  are  important  because  they  can  provide  nxamerical  heat 
transfer  data  more  quickly  than  costly  experimentation.  They 
are  also  suited  for  design  optimization.  Nevertheless,  models 
still  require  extensive  experimentation  to  validate  their 
accuracy. 
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Meyer's  [Ref.  2]  Experimental  Results  for 
Enhancement  vs.  Fin  Height  for  Copper, 
Aluminum,  Copper-Nickel,  and  Stainless  Steel 
Integral  Fin  Tubes  Obtained  at  Atmospheric 
Pressure  Conditions 


B.  OBJECTIVES 

The  main  objectives  of  this  thesis  are  therefore  to; 

1.  Review  the  experimental  procedures  and  data  processing 
computer  code  of  Meyer  [Ref.  2]  for  validity. 

2.  Retest  Meyer's  stainless  steel  tubes  and  verify  the 
trend  of  increasing  enhancement  for  fin  heights 
decreasing  from  1.5  to  0.5  mm. 

3.  Test  a  set  of  new  stainless  steel  tubes  with  fin 
heights  ranging  from  0.2  to  1.5  mm  and  experimentally 
determine  any  optimum  fin  height  and  corresponding 
enhancement . 

4 .  Compare  the  experimental  results  with  existing 
predictive  models. 
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II.  LITERATURE  SURVEY 


A.  INTRODUCTION 

Surface  condensation  occurs  when  a  vapor  is  cooled  below 
its  saturation  temperature  by  contacting  a  cold  surface.  Two 
types  of  surface  condensation  can  take  place  --  filmwise  and 
dropwise.  In  filmwise  condensation,  the  condensate  "wets"  the 
surface  with  a  continuous  film,  whereas  in  dropwise 
condensation,  the  condensate  does  not  "wet"  the  surface,  but 
forms  droplets  of  various  sizes  instead.  The  drops  form  in 
imperfections  on  the  surface  and  are  then  removed  from  the 
surface  by  gravity  and/or  vapor  shear  forces.  Dropwise 
condensation  results  in  much  higher  heat  transfer  coefficients 
(typically  by  an  order  of  magnitude)  than  filmwise 
condensation  because  a  portion  of  the  cooled  metal  surface  is 
directly  exposed  to  the  vapor  [Ref.  3]  .  From  a  design 
perspective,  a  film  condensation  analysis  is  preferred  as  it 
gives  a  more  conservative  indication  of  condenser  performance. 

B.  FILM  CONDENSATION  ON  SMOOTH  TUBES 

When  vapor  condenses  on  smooth  horizontal  tubes  in  a 
filmwise  mode,  the  condensate  flows  down  by  gravity  and  a 
continuous  film  always  exists  around  the  tube.  The  latent 
heat  released  by  the  condensing  vapor  is  eventually  absorbed 
by  the  cooling  liquid  that  flows  through  the  tube.  The 
condensate  film  resists  this  heat  flow  because  of  its  low 
thermal  conductivity-  This  thermal  resistance  increases  as 
the  film  thickness  increases.  At  the  top  of  the  tube,  the 
condensate  film  thickness  and  thermal  resistance  are  small. 
Due  to  gravity  drainage,  the  film  thickness  and  thermal 
resistance  increases  with  increasing  distance  around  the 
perimeter  of  the  tube. 

Nusselt  [Ref.  4]  developed  the  foundation  for  the  study 
of  filmwise  condensation  on  horizontal  smooth  tiibes  in  1916. 
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His  formulation  was  done  for  a  "quiescent"  vapor  condensing  on 
a  single  horizontal  tube.  Due  to  the  increase  in  the 
thickness  of  condensate  as  gravity  draws  it  around  the  sides 
of  the  tube,  the  local  heat  transfer  coefficient  decreases 
around  the  tube  circumference.  Nusselt's  theory  for  the 
average  heat  transfer  coefficient  around  the  tube  accounts  for 
the  lower  resistance  at  the  top  of  the  tube  where  the  film 
thickness  is  minimxam  and  the  higher  resistance  at  the  bottom 
of  the  tube  where  the  film  thickness  is  maximxim.  The  average 
outside  heat  transfer  coefficient  for  the  Nusselt  theory  is 
given  by 


=  0.728 


khPfipf-9y)h 


1/4 


(2.1) 


where  h'fg  is  the  modified  latent  heat  of  vaporization  that 
accounts  for  advection  effects  [Ref.  3] 

4^  =  hf^il  +  o.esja)  =  i2f^+0.6  8Cp(r^^,-r^„)  ,  (2.2) 


and  the  fluid  properties  are  evaluated  at  the  film  temperature 
( Tf)  given  by 


T,  = 


C.  FILM  CONDENSATION  ON  FINNED  TUBES 


(2.3) 


When  a  horizontal  finned  tube  comes  in  contact  with  a 
highly  wetting  condensate,  surface  tension  drives  the  liquid 
from  the  fin  tips  and  flanks  to  the  fin  root.  This  effect  was 
first  described  in  1954  by  Gregorig  [Ref.  5] .  For  horizontal 
finned  tubes,  the  liquid  pressure  at  any  point  along  the  fin 
profile  is  given  by 


(2.4) 
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At  the  top  of  a  fin,  the  film  has  a  convex  appearance  and  the 
local  pressure  is  greater  than  the  vapor  pressure  due  to  a 
small  radius  of  curvature.  At  the  fin  root,  the  film  has  a 
concave  appearance,  the  radius  of  curvature  is  negative,  and 
so  the  local  liquid  pressure  is  less  than  vapor  pressure.  The 
pressure  difference  between  the  fin  tip  and  root  causes  the 
condensate  to  flow  toward  the  fin  root.  As  a  result,  the  film 
thins  near  the  fin  tips  and  thickens  near  the  root.  The 
condensate  from  the  fin  tips  and  flanks  flows  into  the 
interfin  space.  The  film  thickness  in  the  interfin  space 
increases  along  the  circtimference,  and  eventually,  it 
completely  fills  the  interfin  space,  so  that  the  interfin  is 
completely  "flooded"  with  condensate. 

Referring  to  Figure  2.1,  the  flooding  angle  {(pf)  is 
defined  as  the  angle  measured  from  the  top  of  the  tube  to  a 
point  around  the  tube  circumference  where  the  condensate  film 
between  the  fins  just  fills  the  entire  interfin  space.  Along 
the  bottom  of  the  tube,  the  retained  liquid  extends  past  the 
fins.  This  portion  of  the  flooded  region  is  referred  to  as 
the  drop-off  zone  and  is  estimated  to  be  ten  percent  of  the 
tube  circumference  [Ref.  7] .  The  flow  of  condensate  between 
the  fins  depends  on  the  ratio  of  the  surface  tension  forces  to 
the  gravity  forces  since  the  former  acts  to  retain  the 
condensate  between  the  fins  while  the  latter  acts  to  drain  the 
condensate.  Thus  two  competing  mechanisms  exist.  Surface 
tension  thins  the  condensate  film  along  the  fins  in  the 
"unflooded"  region  improving  the  heat  transfer,  but  retards 
drainage,  increasing  the  size  of  the  "flooded"  region, 
degrading  the  heat  transfer.  Yau  et  al.  [Ref.  8]  and 
Wanniarachchi  et  al.  [Ref.  9]  studied  film  condensation  on 
finned  tubes  and  observed  that  heat  transfer  enhancement  was 
greater  than  what  could  be  explained  by  increased  surface  area 
alone.  This  indicates  that  the  beneficial  effect  of 
condensate  thinning  offsets  the  detrimental  effect  of 
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flooding. 

Condensation  on  a  finned  tube  is  a  complex  phenomenon 
involving  many  variables.  These  include  condensate  flow 
characteristics,  surface  tension  and  gravity  forces,  wall  and 
fin  conduction  effects,  condensate  film  thickness  variations, 
and  vapor  velocities  [Ref.  9]  .  The  accuracy  of  any  predictive 
model  is  dependent  on  how  closely  it  can  account  for  these 
effects . 

D.  CONDENSATE  RETENTION  OR  FLOODING  ANGLE 

In  1946,  the  first  measurements  of  condensate  retention 
were  reported  by  Katz  et  al.  [Ref.  10]  .  These  measurements 
were  made  under  static  conditions  (i.e.,  no  condensation 
taking  place)  using  water,  aniline,  acetone,  and  carbon 
tetrachloride.  Fin  heights  of  1.2  to  5.7  ram,  and  fin 
densities  of  276  to  984  fins  per  meter  were  used.  Since  the 
vapor  density  is  much  smaller  than  the  condensate  density,  it 
was  neglected.  It  was  shown  that  as  much  as  100  percent  of 
the  tube  surface  could  be  flooded  with  retained  condensate, 
depending  mainly  on  the  ratio  of  surface  tension  to  condensate 
density  and  on  the  fin  spacing.  Katz's  equation  for  the 
flooding  angle  is 


_ 

180  Of 

ADf-2Dj.  +  2s 

sin(|>f 

980 

TCs(Z?| -D^)  /4 

This  equation  shows  a  direct  relationship  between  an 
increasing  surface  tension  to  condensate  density  ratio  and  an 
increasing  flooding  angle.  For  constant  fin  height  and  fin 
spacing,  an  increasing  root  diameter  leads  to  a  decreasing 
flooding  angle. 

In  1981,  Rudy  and  Webb  [Ref.  11]  were  the  first  to 
measure  condensate  flooding  angles  under  both  static  and 
dynamic  (condensation  occurring)  conditions  and  they  concluded 
that  the  flooding  angle  did  not  differ  significantly  for  the 
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two  cases.  Honda  et  al.  [Ref.  12]  confirmed  the  conclusion  of 
Rudy  and  Webb  from  a  photographic  study.  Honda  developed  an 
expression  for  the  flooding  angle  on  rectangular  fin  tubes  as 


cos'^ 


pfSrsDf 


(2.6) 


It  is  valid  for  interfin  spacing  less  than  or  equal  to  twice 
the  fin  height  (s  s  2H) .  This  equation  was  also  independently 
determined  by  Rudy  and  Webb  [Ref.  13]  and  Owen  [Ref.  14]  and 
confirmed  from  experimentation.  Rudy  and  Webb  noted  that  it 
predicted  the  flooding  angle  within  ten  percent  for 
condensation  of  R-11,  n-pentane,  and  water  on  19  mm  fin 
diameter  tubes  of  748  to  1,378  fpm.  For  horizontal  tubes  with 
interfin  spacing  greater  than  twice  the  fin  height  (s  >  2H)  , 
Honda  et  al.  [Ref.  15]  and  Masuda  and  Rose  [Ref.  16] 
determined  the  flooding  angle  as 


<J)f  =  cos  ^ 


leofH 


p^gDfis^+AH^) 


-1 


(2.7) 


E.  PREDICTIVE  MODELS 

1.  Beatty  and  Katz 

In  1948,  Beatty  and  Katz  [Ref.  17]  developed  a  simple, 
analytical  model  to  predict  the  average  heat  transfer 
coefficient  for  spiral  integral  fin  tubes.  They  treated  the 
interfin  space  of  the  tube  as  a  horizontal  smooth  tube  and  the 
fin  flanks  as  plain  vertical  surfaces.  They  combined 
Nusselt's  expressions  for  each  to  model  a  finned  tube.  They 
accounted  for  the  conduction  effects  through  the  fin  by 
including  fin  efficiency.  To  simplify  the  problem,  they 
asstimed  that  the  condensate  was  only  gravity -drained  and  that 
there  was  no  effect  of  surface  tension  in  thinning  the 
condensate  film  or  in  retaining  the  condensate  between  fins. 
For  rectangular  fins,  their  equation  reduces  to 
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This  was  the  first  analytical  model  to  predict  the 
condensing  heat  transfer  coefficient  on  a  horizontal  finned 
tube.  The  experimentally  determined  leading  coefficient 
(0.689)  is  only  five  percent  less  than  the  theoretically 
derived  constant  (0.728)  of  the  Nusselt  analysis  for  a  smooth 
tube.  Equation  (4.8)  shows  that  the  heat  transfer  coefficient 
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decreases  with  increasing  tube  diameter.  Since  Beatty  and 
Katz  ignored  surface  tension,  their  model  should  perform  more 
accurately  for  low  surface  tension  fluids,  such  as 
refrigerants,  and  for  tubes  with  low  fin  densities.  Also,  the 
model  should  perform  better  under  higher  pressures,  and  hence, 
higher  saturation  temperatures  where  surface  tension  is  lower. 
In  their  experiments,  Beatty  and  Katz  only  tested  tubes  with 
low  fin  densities  and  fluids  with  low  surface  tensions. 
Although  the  fins  used  by  Beatty  and  Katz  were  spiral,  their 
theory  applies  to  rectangular- shaped  annular  fins  as  well. 

2 .  Soviet  Models 

Between  1971  and  1977,  Karkhu  and  Borovkov  [Ref.  18]  and 
Zozulya,  et  al.  [Ref.  19]  developed  the  first  analysis  which 
recognized  the  importance  of  surface  tension  on  horizontal 
finned  tubes.  They  demonstrated  that  surface  tension  forces 
could  increase  the  condensation  rate  by  50  to  100  percent. 
They  used  Nusselt's  assumptions  on  the  mechanisms  of  heat 
transfer  through  a  liquid  film  on  a  smooth  surface,  the 
differential  equation  of  condensate  motion  that  assumed 
gravity  driven,  laminar  flow  of  condensate  from  the  fin  to  the 
interfin  space,  and  appropriate  boundary  conditions  to  solve 
for  the  thickness  of  the  condensate  film  in  the  interfin 
space.  They  used  film  thickness,  fluid  properties,  and  fin 
geometry  to  determine  the  flow  rate  of  condensate  (G)  into  the 
interfin  space.  The  one -dimensional  conduction  equation  for 
the  fin  was  solved  to  determine  fin  temperature  distribution. 
Finally,  using  numerical  methods  to  solve  the  resulting 
differential  equations,  they  found  an  expression  for  the 
average  heat  transfer  coefficient  such  that 


Gh 


tg 


cond 


(2.14) 


where  is  the  temperature  at  the  base  of  the  fin  and  ^cond 
is  the  effective  condensation  surface  for  a  rectangular  fin 
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and  is  given  by 

They  reported  predictions  within  five  percent  of  the 
experimental  data  for  film  condensation  of  steam  and  R-113  on 
brass  and  copper  tubes  with  a  fin  spacing  of  0.14  mm  and  0.20 
mm,  respectively. 

3 .  Rudy  and  Webb 

In  1981,  Rudy  and  Webb  [Ref.  11]  reported  that  the  Beatty 
and  Katz  model  overpredicted  the  heat  transfer  coefficient 
with  increasing  error  for  fin  densities  greater  than  1,024  fpm 
and  for  fluids  with  surface  tension  to  condensate  density 
ratios  greater  than  30  x  10"®  N-m^/kg.  They  proposed  a 
possible  improvement  by  applying  equation  (2.8)  to  the 
unflooded  region  only,  assuming  that  heat  transfer  in  the 
flooded  portion  was  negligible.  Because  their  equation  was 
still  based  on  a  gravity- drained  model  and  because  it 
neglected  any  heat  transfer  through  the  flooded  region,  it 
underpredicted  the  average  heat  transfer  coefficient  of 
condensing  R-11  by  ten  to  fifty  percent.  They  concluded  that 
any  experimental  success  that  Beatty  and  Katz  had  was  due  to 
offsetting  errors  from  the  competing  effects  of  surface 
tension.  That  is,  the  loss  of  heat  transfer  due  to  flooding 
cancelled  out  the  gain  in  heat  transfer  from  film  thinning. 

In  1982,  Webb  et  al.  [Ref.  20]  confirmed  the  conclusions 
of  the  1981  study.  Judging  a  gravity- drained  model  as 
insufficient,  they  developed  a  new  model  which  included 
surface  tension  effects.  They  modified  the  original  Nusselt 
equation  for  a  vertical  plate  so  that  surface  tension  causes 
the  condensate  to  drain  from  the  fin  tip  to  the  base  and 
gravity  causes  the  condensate  to  flow  in  the  interfin  space. 
They  assumed  a  linear  liquid  pressure  variation  over  the  fin. 
They  were  able  to  predict  the  experimental  results  obtained 
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from  the  condensation  of  R-12  on  a  plate  with  vertical  fins  to 
within  ten  percent. 

Later,  Rudy  and  Webb  [Ref.  21]  expanded  this  model  to 
predict  the  heat  transfer  coefficient  for  rectangular  radial 
fins.  The  Nusselt  equation  for  horizontal  tubes  was  used  for 
the  tube  area  between  fins  where 


h*  =  0.725 


kfp\gh 


11/4 


IS- 


(2.16) 


while  the  Nusselt  equation  for  the  fin  surface  was  modified  by 
replacing  the  body- force  term  {pg)  by  an  equivalent  expression 
based  on  surface  tension  force  yielding 


hf  =  0.943 


khfkfg 

1/4 

ifM  s  t) 

11/4 


(2.17) 


They  assumed  no  heat  transfer  through  the  flooded  region. 
Their  resulting  weighted  area  expression  for  the  total  heat 
transfer  coefficient  is 


At.  "  , 


(2.18) 


where  and  Af^^  are  defined  previously  and  Aj^  is  equal  to  the 
fin  diameter  of  one  fin  pitch,  i.e. 

A^  =  %Dj.{s+t)  .  (2.19) 


This  expression  provided  an  accuracy  of  better  than  ten 
percent  for  condensation  of  R-11  on  short,  finely-spaced  fins 
and  was  an  improvement  over  Beatty  and  Katz.  It  overpredicted 
the  heat  transfer  coefficient  for  other  tubes  by  up  to  25 
percent .  They  attributed  this  to  gravity  induced  drainage 
becoming  more  important  as  fin  height  and  spacing  increased. 
They  concluded  that  their  linear  pressure  gradient  model  is 
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better  than  the  Beatty  and  Katz  gravity  drainage  model  for 
predicting  the  heat  transfer  coefficients  for  fin  densities 
greater  than  1200  fpm  and  fin  heights  of  less  than  0.9  mm. 

Still  later,  Webb  et  al.  [Ref.  22]  modified  the  previous 
model  to  allow  for  heat  transfer  in  the  flooded  region.  They 
assumed  surface  tension  drainage  from  the  fin,  discarded  the 
assumption  of  a  linear  surface  tension  induced  pressure 
gradient,  and  used  an  analysis  of  Adamek  [Ref.  23]  to 
determine  the  film  thickness  on  the  fins  in  the  unflooded 
region.  Gravity  drainage  from  the  interfin  region  was 
assximed.  Nusselt's  equation  for  condensation  on  a  smooth, 
horizontal  tube  was  modified  to  account  for  the  increase  in 
film  thickness  due  to  drainage  from  the  fins.  The  area 
weighted  average  heat  transfer  coefficient  is  then 


h  =  ^ 

It 


(2.20) 


where  hj^  is  the  heat  transfer  coefficient  in  the  flooded 
region.  The  model  predicted  the  heat  transfer  coefficient  for 
condensation  of  R-11  on  tubes  with  fin  pitch  of  748  to  1,378 
within  twenty  percent.  Heat  transfer  across  the  flooded 
region  was  shown  to  be  minimal. 

4.  Owen 

In  1983,  Owen  et  al.  [Ref.  14]  also  recognized  the 
necessity  of  including  the  effects  of  condensate  retention  in 
heat  transfer  models.  They  demonstrated  that  the  Rudy  and 
Webb  [Ref.  ll]  modification  of  Beatty  and  Katz  that  neglected 
heat  transfer  in  the  lower  portion  of  the  tube  with  retained 
condensate,  underpredicted  the  heat  transfer  coefficient  when 
a  significant  amount  of  condensate  was  retained  between  the 
fins.  They  sought  a  model  that  permitted  heat  flow  through 
the  condensate  retained  region.  Like  Rudy  and  Webb,  they 
extended  the  Beatty  and  Katz  model  to  include  the  flooding 
angle. 


They  considered  the  flooded  and  unflooded  regions  with 
condensation  occurring  on  both  the  retained  condensate  and  the 
fin  tips.  In  the  unflooded  region,  the  Beatty  and  Katz 
equation  was  used  so  the  heat  transfer  coefficient  is 


^unf loaded  ~  0.725| 


n/4 


(2.21) 


In  the  flooded  region  where  condensation  occurs  on  the  surface 
of  the  retained  condensate  and  on  the  fin  tips,  the  heat 
transfer  coefficient  is 


h 


flooded 


(2.22) 


Here,  is  the  heat  transfer  coefficent  arising  from 

condensation  on  a  plain  tube  of  diameter  =  Df  given  by 


h*  =  0.7251 


k^pfffh 
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(2.23) 


and  hf.  is  the  heat  transfer  coefficient  for  the  fin  tips 
combined  with  the  retained  condensate  region. 


h 


t 


(2.24) 


and  the  area  averaged  effective  thermal  conductivity  over  the 
fin  height  ik^ff)  is 

W  =  (2.25) 


The  average  heat  transfer  coefficient  for  the  entire  tube 
length  having  an  effective  area  A^ff  is  thus  an  area  average 
of  the  heat  transfer  coefficients  for  the  upper  and  lower 
portions,  or 
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(2.26) 
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Their  model  agreed  within  30  percent  of  Beatty  and  Katz's 
experimental  data  for  R-11,  R-12,  R-22,  water,  acetone,  methyl 
chloride,  n-pentane,  sulfur  dioxide,  propane,  and  n-butane. 
This  was  little  improvement  over  the  Beatty  and  Katz  model. 
They  assumed  it  would  be  more  accurate  in  situations  where  an 
appreciable  fraction  of  the  tube  was  covered  with  retained 
condensate.  Honda  and  Nozu  [Ref.  12]  later  showed  that  this 
model  overpredicts  steam  data  by  up  to  a  factor  of  two. 

5 .  Honda 

Between  1984  and  1987,  Honda  [Refs.  15,  24]  developed  an 
analytical  model  for  film  condensation  on  horizontal,  low 
integral -fin  tubes.  The  model  is  extremely  complex  and 
required  a  numerical  solution,  but  is  the  most  comprehensive 
available.  It  includes  the  effects  of  variable  condensate 
film  thickness  along  the  fin,  fin  efficiency,  gravity  versus 
surface  tension  forces,  and  variable  temperature  between  the 
fin  root  and  interfin  space.  The  model  assumes  that  the  wall 
temperature  is  uniform,  condensate  flow  is  laminar,  condensate 
film  thickness  is  small,  and  the  dominant  flow  on  the  fin  is 
in  the  radial  direction.  The  equation  for  condensate  flooding 
angle  is  generalized  to  include  all  fin  heights  and  spacings. 

The  tube  is  divided  into  the  flooded  and  unflooded 
regions  and  three  cases  are  considered  based  on  fin  spacing 
and  condensation  rate.  These  are  shown  in  Figure  2.2.  These 
cases  are  used  because  it  is  expected  that  the  depth  of  the 
condensate  film  in  the  interfin  space  would  have  a  significant 
impact  on  the  amount  of  heat  transferred.  The  first  case 
considers  a  small  interfin  spacing  with  a  high  condensation 
rate.  The  second  considers  a  large  interfin  spacing  with  a 
low  condensation  rate  where  fin  height  is  large  relative  to 
interfin  spacing.  The  last  considers  a  large  interfin  spacing 
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Figure  2.2.  Three  Subcases  of  the  Honda  Model .  From  Ref . 

[2]  . 
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with  a  low  condensation  rate  where  fin  height  is  small 
relative  to  interfin  spacing.  Along  the  fin,  surface  heat 
transfer  is  determined  from  the  flooding  condition,  case  type, 
and  by  whether  the  condensate  flow  is  gravity  or  surface 
tension  dominated.  In  the  interfin  space,  heat  transfer  is 
determined  for  the  three  cases  for  an  unflooded  condition 
only.  No  heat  transfer  is  considered  for  the  flooded  interfin 
space.  Expressions  for  the  Nusselt  nxamber  representing  the 
flooded  and  unflooded  regions  are  found  and  summed  to  yield  an 
average  Nusselt  number.  Honda's  comparison  of  his  model  with 
available  experimental  data  showed  agreement  to  within  20 
percent  for  11  fluids  and  22  finned  tubes. 

In  1992,  Briggs,  Wen,  and  Rose  [Ref.  25]  conducted  a 
detailed  review  of  the  accuracy  of  various  models  to  predict 
heat  transfer  for  condensation  on  horizontal  integral -finned 
tubes.  The  simple  model  of  Beatty  and  Katz  performed  poorly 
because  it  did  not  account  for  surface  tension  effects.  The 
Adamek  and  Webb  model  included  an  approximate  surface  tension 
effect  and  resulted  in  an  improved  enhancement  prediction. 
The  Honda  model,  which  accounted  for  both  the  condensate 
flooding  and  the  enhancing  effect  of  surface  tension  drainage 
from  the  fins,  was  judged  the  most  accurate  for  predicting 
heat  transfer  coefficients  for  steam  condensation  on 
horizontal  integral  finned  tubes.  Despite  its  accuracy,  its 
complexity  limits  its  use. 

6.  Adamek  and  Webb 

In  1989,  Adamek  and  Webb  [Ref.  7]  formulated  a  model  that 
accounted  for  condensation  on  surfaces  in  the  unflooded  and 
flooded  regions.  It  rivals  Honda  and  Nozu  in  its  complexity, 
yet  is  solvable  without  numerical  methods .  The  model  accounts 
for  heat  transfer  on  the  fin  tips,  flanks,  and  interfin  areas 
in  the  unflooded  zone  and  on  the  fin  tips  in  the  flooded  zone. 
It  assumes  no  heat  transfer  in  the  other  areas  including  the 
fin  tips  in  the  dropoff  zone.  Referring  to  Figure  2.3,  the 


19 


Figure  2.3. 


Illustration  of  the  Condensate  Flow  Pattern 
Assumed  by  Adamek  and  Webb.  From  Ref.  [7] . 


unit  area  of  one  fin  pitch  is  divided  into  nine  flow  regions. 
Regions  0,  1',  and  2'  are  labeled  from  the  edge  of  the  fin  tip 
to  its  midpoint.  Regions  1,  2,  and  3  run  down  the  fin  flank 
to  the  root.  Regions  4,  5,  and  6  run  from  the  fin  root  to  the 
midpoint  of  the  interfin  area.  If  the  condensation  rates  in 
the  circiimferential  direction  between  each  of  the  regions 
can  be  determined,  their  sum  would  be  the  total 
condensation  rate  (M)  for  one-half  the  fin  pitch.  The  heat 
transfer  coefficient  based  on  the  area  of  one  fin  pitch  is 
then  calculated  as 


where  the  heat  transfer  rate  (0)  is 

Q  =  2Mhfg, 


(2.27) 


(2.28) 


Calculation  of  the  individual  regional  flows  is  achieved  by- 
determining  whether  they  are  gravity  or  surface  tension 
controlled  and  then  calculating  the  respective  film 
thicknesses  in  each  region  and  radius  of  curvature  of  the  film 
at  the  fin  root  based  on  this  dominant  force. 

This  model  was  compared  to  the  experimental  results  of  80 
copper  tubes  of  varying  geometries  and  condensing  fluids.  The 
fluids  included  water,  methanol,  n-pentane,  R-11,  R-12,  R-22, 
and  R-113.  Fin  spacing,  height,  and  thickness  varied  from 
0.06  to  10  mm,  0.29  to  3.6  mm,  and  0.06  to  1.0  mm 
respectively.  The  model  predicted  the  heat  transfer 
coefficient  within  15  percent  for  74  of  the  80  tubes. 

7 .  Rose 

In  1987,  Masuda  and  Rose  [Ref.  16]  developed  a  more 
complete  accounting  of  the  liquid  retention  on  the  fin  flanks 
and  interfin  areas  of  the  unflooded  region.  Figure  2.4  shows 
the  profiles  for  static  retention  of  liquid  on  a  finned  tube. 
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Coliunn  (b)  refers  to  "long  fin"  geometries  where  fin  height  is 
relatively  larger  than  the  fin  spacing.  Column  (c)  refers  to 
"short  fin"  geometries  where  fin  height  is  relatively  smaller 
than  fin  spacing. 


Figure  2.4.  Configuration  of  Retained  Condensate  Along 

Tube  Circumference  for  Briggs  and  Rose  Model. 
From  Ref.  [16] . 


In  the  unflooded  region  for  both  geometries,  the  retained 
liquid  forms  a  small  "wedge"  between  the  flanks  of  the  fins 
and  the  tube  surface  in  the  interfin  space  (bl)  and  (cl)  . 
Moving  circumferentially  around  the  tiobe,  four  flooding 
conditions  are  considered,  corresponding  to  the  profiles  in 
illustrations  (b2) ,  (b3) ,  (c2) ,  and  (c3)  respectively. 
Considering  long  fin  tubes  (column  (b) ) ,  moving  from  the  top 
of  the  tube  to  the  flooded  region,  the  size  of  the  liquid 
wedges  increases  until  they  meet  at  the  midpoint  of  the 
interfin  space.  This  corresponds  to  0  =  where  the 
interfin  space  is  just  filled  by  liquid,  but  the  fin  flanks 
are  not  wholly  wetted.  Continuing  downward,  the  meniscus 
rises  until  it  reaches  the  fin  tips.  Here,  <t)  =  <t>f2>  the 
whole  of  the  flank  is  just  wetted  and  the  licjuid  film  at  the 
center  of  the  interfin  space  has  finite  thickness.  Further 
movement  around  the  tube  will  show  an  increase  in  the 
thickness  of  the  liquid  in  the  interfin  space  (b4) . 


22 


For  short  fin  tubes  (column  (c) ) ,  the  wedges  increase  in 
size  until  they  contact  the  fin  tips.  This  corresponds  to  <t> 
=  where  the  fin  flank  is  just  completely  wetted  but  the 
interfin  space  is  not  wholly  wetted.  Continuing  along  the 
tube,  the  wedges  expand  until  they  meet  at  the  midpoint  of  the 
interfin  space.  At  this  point,  0  =  and  the  whole  of  the 
interfin  space  is  just  wetted  and  the  contact  angle  of  the 
liquid  at  the  fin  tip  is  nonzero.  Further  movement  around  the 
tube  will  show  an  increase  in  the  thickness  of  the  liquid  in 
the  interfin  space  {c4) . 

By  considering  the  radius  of  curvature  of  the  liquid 
profile,  Masuda  and  Rose  developed  the  following  relations  for 
flooding  angle  at  each  of  the  four  positions 


COS<|)fj 


4a f  _  Df 
Pf9SD^  'W/ 


(2.29) 


COS<j>j.2  “ 


40f 

— ^"1 
PfgsDf 


(2.30) 


and 


cos4> 


cos4>^^  — 


20f 

Pf9HD^  ^ 


16a^ 

pfg{s^+4H^)Df 


-1. 


(2.31) 


(2.32) 


They  recognized  that  heat  transfer  through  the  condensate 
film  was  minimal.  Therefore,  only  heat  transfer  through  the 
fin  tips  and  through  the  thin  film  or  "unblanked"  areas  of  the 
fin  flanks  and  interfin  space  in  the  unflooded  region  are 
considered.  The  following  expression  approximates  the 
fraction  of  the  fin  flank  "blanked"  with  a  thick  condensate 
film 


^  _  /o  _  2 Of  tan(<l)f/2) 

“  PfgD^  <l)f 


(2.33) 
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Similarly,  the  fraction  of  the  interfin  space  blanked  is 


fs  = 


2 

J  0 _ 

^Pj.S 


4o^  tan(<|>jp/2) 

Pf9D^s 


(2.34) 


These  equations  for  blanking  are  only  valid  for  long 
rectangular  section  fins  where  (Dj,/Df  «  1)  and  H  >  s/2.  For 
these  fins,  <j>f2  “  <f>f2  flooding  angle  {(l>f)  is  set 

equal  to  (pf2  which  is  the  same  as  the  Rudy  and  Webb  equation 

(2.6)  . 

For  rectangular  fins  the  "active"  area  enhancement  (^), 
defined  as  the  combined  areas  of  the  fin  tips  and  unblanked 
portions  of  the  flank  and  interfin  space  in  the  unflooded 
region  divided  by  the  smooth  tube  area  of  =  D^.,  is 

2  2 

D,s^,{l-f,)  ^%D,t  (2.35) 

^  tiD^  (  S  +  t) 


Actual  experimental  heat  transfer  enhancements  are  much 
greater  than  |  because  the  fin  flanks  behave  as  small  vertical 
surfaces  with  significantly  higher  heat  transfer  coefficients 
than  a  horizontal  smooth  tube.  Therefore,  the  second  term  in 
the  above  expression  needs  to  be  multiplied  by  a  weighting 
coefficient  (^2) »  where 


(2.36) 


and  the  mean  vertical  fin  height  {H^)  is  approximated  by 


2-sin<J)f 

r  = 

sin<J)f 


(2.37) 
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In  addition,  surface  tension  thins  the  condensate  film  at 
locations  where  the  liquid  radius  of  curvature  varies 
relatively  rapidly.  This  occurs  on  the  fin  tip,  flank,  and 
interfin  space.  Therefore  the  entire  numerator  of  equation 
(2.35)  needs  to  be  multiplied  by  a  second  weighting  factor 
[K2)  where  K2  would  be  proportional  to  surface  tension.  The 
weighted  "active"  area  enhancement  (^j^)  is  thus 


D^S^f{l-f^)  +Ki 


'dI-d!' 


<l)f  (1  -ff)  +7C£>jct 


IlD^(s+  t) 


(2.38) 


With  =  2.2  and  K2  =  to  1.5,  fair  prediction  of  enhancement 
was  found  for  steam  condensation  on  copper  integral  fin  tubes 
of  1.59  mm  fin  height,  0.5  mm  fin  thickness,  and  interfin 
spacing  of  0.5  to  4.0  mm. 

In  later  work.  Rose  [Refs.  26,  27]  defined  the  heat 
transfer  enhancement  as  the  ratio  of  heat  transfer 
coefficients  of  a  finned  tube  based  on  a  smooth  tube  area  of 
fin  root  diameter  (D^)  to  that  of  a  smooth  tube  of  outside 
diameter  (D^)  equal  to  the  finned  tube  root  diameter.  Both 
heat  transfer  coefficients  are  evaluated  at  the  same  vapor 
side  temperature  difference.  In  later  work.  Rose  [Refs.  26, 

27]  defined  the  heat  transfer  enhancement  as  the  ratio  of  heat 
transfer  coefficients  of  a  finned  tube  based  on  a  smooth  tube 
area  of  fin  root  diameter  (P^)  to  that  of  a  smooth  tube  of 
outside  diameter  (Pq)  equal  to  the  finned  tube  root  diameter. 
Both  heat  transfer  coefficients  are  evaluated  at  the  same 
vapor  side  temperature  difference.  Equation  (2.38)  was 
modified  by  including  the  heat  fluxes  in  each  area  component. 
Each  heat  flux  consisted  of  a  gravity  and  surface  tension 
term.  The  constants  and  K2  were  replaced  with  the 
constants  ^int  •  Briggs  and  Rose  [Ref. 

28] ,  later  incorporated  fin  efficiency  into  the  model.  The 
final  form  of  the  equation  for  enhancement  is 
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(2.39) 


^ flood  ^fin  ^int 


-smooth 


where  the  heat  transfer  rates  from  the  flooded  tips,  unflooded 
fin  and  inter fin  space,  and  smooth  tube  are 


^flood  ^  tip,  flood' 


(2.40) 


^fin  ~  ^f^f^^tip'^  (l-ff)  — ^ flank  ' 


(2.41) 
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(2.42) 
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The  respective  heat  fluxes  are 


itip, flood 
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and 


^smooth 
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(2.48) 


The  expression  is  needed  to  determine  the  mean 
condensate  film  thickness  in  the  thin  film  interfin  space  and 
can  be  approximated  by 


c(  <t>f)  «  0.  874  +0.  (X)1991  <1)^-0.  02642  <1)|+ 

0 . 00553(t>|- 0 . 001363(l>f 


(2.49) 


The  constants  B^^^,  B^^p,  and  Bf2ank  empirically 
determined  by  curve  fitting  condensation  data  on  copper  tubes 
from  seven  investigations,  four  different  fluids,  and  fourty- 
one  different  fin  geometries.  The  best  fit  was  found  by 
setting  B^  equal  to  2.96  and  the  other  B  values  set  equal  to 
0.143.  The  Briggs  and  Rose  model  gave  a  predictive  accuracy 
of  15  to  25  percent  when  compared  with  experimental  data. 

F.  RESEARCH  ON  FILM  CONDENSATION  ON  INTEGRAL  FINNED  TUBES 
AT  THE  NAVAL  POSTGRADUATE  SCHOOL 

Condensation  on  finned  tubes  has  been  studied  at  NPS 
since  1984.  The  majority  of  the  experimentation  has  been  done 
with  copper  tubes.  Flook  [Ref.  29]  in  1985  and  Mitrou  [Ref. 
30]  in  1986  tested  tubes  of  varying  thermal  conductivities. 
They  showed  that  materials  with  high  thermal  conductivity 
exhibited  greater  enhancement  than  lower  conductivity  tubes. 
In  1993,  Cobb  [Ref.  6]  studied  the  effects  of  varying  thermal 
conductivity  on  steam  condensation.  He  tested  finned  tubes  of 
constant  fin  spacing  and  thickness  manufactured  from  copper, 
aliiminum,  90-10  copper- nickel ,  and  stainless  steel.  He  noted 
that  tube  conductivity  had  a  significant  effect  on  enhancement 
with  the  lowest  conductivity  tube  (stainless  steel)  at  larger 
fin  heights  yielding  heat  transfer  coefficients  less  than  a 
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smooth  tube.  He  also  compared  his  experimentally  determined 
heat  transfer  coefficients  with  the  Beatty  and  Katz  [Ref.  17] 
and  Rose  [Ref.  26]  models.  He  found  that  both  theoretical 
models  underpredicted  enhancement  for  copper  tubes  under  high 
heat  flux  conditions.  For  the  other  materials,  as  thermal 
conductivity  decreased,  Beatty  and  Katz  overpredicted  the 
results  with  increasing  error  while  the  Rose  model  closely 
predicted  the  results. 

Meyer  [Ref.  2]  continued  the  work  of  Cobb  by  comparing 
the  experimentally  determined  heat  transfer  coefficients  for 
steam  condensation  on  tubes  made  of  the  four  materials  to  the 
predictive  models  of  Beatty  and  Katz  [Ref.  17],  Briggs  and 
Rose  [Ref.  28] ,  Adamek  and  Webb  [Ref.  7] ,  and  Honda  [Ref.  15] . 
He  judged  the  Rose  model  best,  yet  found  that  it  consistently 
underpredicted  the  experimental  results.  The  Beatty  and  Katz 
model  consistently  overpredicted  experimental  results 
especially  for  the  lower  temperature  vacuum  runs  where  surface 
tension  was  greater.  The  Adamek  and  Webb  model  followed  the 
experimental  trend,  but  overestimated  the  results.  The  Honda 
model  performed  erratically.  Meyer  noted  that  increasing  fin 
height  improved  enhancement  for  all  tube  materials  except 
stainless  steel .  The  lower  conductivity  stainless  steel  tubes 
showed  a  decreasing  trend  in  enhancement  as  fin  height  was 
increased  from  0.5  mm  to  1.5  mm.  He  attributed  this  to 
increased  flooding  of  the  tube  and  lower  fin  efficiency. 
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III.  SYSTEM  OVERVIEW 


A.  EXPERIMENTAL  APPARATUS 

The  apparatus  used  for  this  research  was  originally- 
constructed  by  Krohn  in  1982  [Ref.  31]  .  Major  modification  to 
the  condenser  section  was  done  by  Swenson  in  1991  [Ref.  32] . 
Since  then,  the  apparatus  was  used  successfully  by  O'Keefe 
[Ref.  33],  Long  [Ref.  34],  Cobb  [Ref.  6],  and  Meyer  [Ref.  2] 
to  test  condensation  on  single  horizontal  tubes  of  various 
configurations.  Fig  3.1  contains  a  general  schematic  of  the 
overall  system. 

Steam  is  generated  in  a  Corning  Pyrex  glass  cylindrical 
boiler  of  0.3048  m  diameter  and  0.5  m  height  with  a  maximum 
working  pressure  of  72.6  kPa  (10.5  psig) .  It  contains  ten 
vertically  mounted  4  kW,  440  VAC  Watlow  stainless -steel 
immersion  heaters  connected  in  parallel.  The  heaters  have  a 
total  resistance  of  5.76  ohms  throughout  their  range  of 
operation.  The  boiler  is  mounted  on  a  metal  stand  with  four 
adjustable  legs  so  that  the  system  can  be  plumbed.  The  boiler 
is  filled  with  water  by  gravity  drain  or  vacuum  drag  from  a 
distilled  water  tank  through  a  fill/drain  valve.  Distilled 
water  for  the  apparatus  is  made  from  tap  water  by  a  Barnstead 
Fi- stream  4  Itr/hr  glass  still. 

Steam  from  the  boiler  passes  up  through  a  cylindrical 
section  of  Pyrex  glass  with  an  inside  diameter  of  0.15  m  and 
a  length  of  2.13  m.  Two  90®  Pyrex  glass  elbows  redirect  the 
steam  back  down  a  second  similar  cylindrical  section  of  1.52 
m  in  length.  All  glass  piping  have  a  maximum  working  pressure 
of  103  kPa  (15  psig)  .  The  piping  is  covered  with  Halstead 
insulating  foam  to  minimize  premature  condensation. 

Steam  then  enters  a  stainless  steel  test  section 
containing  the  horizontally  mounted  condenser  tube.  The  test 
section  is  fitted  with  openings  for  Teflon  and  Nylon  inserts 
that  support  the  horizontal  tube  and  provide  a  coolant  flow 
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path.  These  inserts  contain  0- rings  to  seal  the  condenser 
from  the  ambient  atmosphere  and  the  coolant.  The  test  section 
also  contains  a  circular  hole  that  accomodates  a  viewing  port 
so  that  the  condensation  process  can  be  observed.  A  smaller 
port  in  the  test  section  allows  connection  of  a  pressure  gage 
and  thermocouple  well. 

Steam  not  condensed  in  the  test  section  passes  into  a 
final  Pyrex  glass  cylinder  containing  an  auxiliary  condenser. 
The  auxiliary  condenser  is  constructed  of  a  single  copper  coil 
mounted  to  a  stainless  steel  base.  It  was  installed  in  1991 
and  replaced  the  previous  double  coil  condenser.  The 
auxiliary  condenser  section  collects  all  the  condensate  and 
returns  it  to  the  boiler  through  a  gravity  drain  in  the 
baseplate.  Two  stainless  steel  side  plates  are  mounted  to  the 
glass  cylinder  with  penetrations  for  a  pressure  bleed  valve, 
a  vacuum  line,  and  a  pressure  transducer.  The  auxiliary 
condenser  cooling  water  is  supplied  directly  from  the  building 
water  main  and  passes  through  a  pressure  regulator  that 
eliminates  most  pressure  fluctuations.  Saturation  temperature 
in  the  apparatus  is  controlled  by  adjusting  a  throttle  valve 
in  the  auxiliary  condenser  coolant  flow  line.  Water  exiting 
the  condenser  is  discharged  to  the  building  drain. 

Cooling  water  for  the  test  section  originates  in  a 
stainless  steel  siomp  tank.  Tap  water  flows  into  the  sump  and 
an  overflow  maintains  a  constant  water  height.  Two 
centrifugal  piamps  connected  in  series  draw  suction  from  the 
sump.  A  throttling  valve  and  calibrated  rotameter  on  the 
discharge  side  of  the  pumps  allow  control  of  the  cooling  water 
flow.  After  flowing  through  the  test  tube,  cooling  water 
flows  into  a  nylon  mixing  chamber  so  that  the  average  coolant 
temperature  can  be  accurately  measured.  In  the  mixing 
chamber,  water  is  channeled  through  a  center  hole,  then  flows 
radially  outward  and  through  a  set  of  four  holes,  and  then 
flows  inward  and  exits  through  another  center  hole.  Coolant 
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then  returns  to  the  sump  where  it  mixes  with  the  incoming  cold 
tap  water  before  recyling  to  the  test  section.  Themocouple 
wells  and  quartz  thermometer  probe  connections  are  installed 
on  the  coolant  lines  prior  to  the  test  section  and  following 
the  mixing  chamber.  Details  of  the  test  section  are  shown  in 
Figure  3.2. 

Noncondensible  gases  are  removed  through  a  vacuum  system 
shown  in  Figure  3.3.  Vapors  are  removed  at  a  suction  port  at 
the  base  of  the  auxiliary  condenser  section.  The  vapors  then 
pass  through  an  internal  condensing  coil  located  in  the 
cooling  sump  where  any  steam  is  condensed  and  collected  in  a 
plexiglass  vacuum  chamber.  The  noncondensibles  are  passed 
through  a  vacuum  pump  and  expelled  to  the  atmosphere.  The 
Cast  model  2567-V108  vacuum  pump  was  installed  in  1991  and 
replaced  a  compressed  air  actuated  air  ejector.  The  pump  can 
draw  a  vacuum  of  130  mm  Hg.  A  check  valve  is  installed  to 
prevent  back  flow  when  the  pump  is  stopped.  An  IMC  Magnetics 
model  12  electric  fan  cools  the  vacuum  pump. 

Cast  iron  flanges  with  Buna-N  rubber  gaskets  join  the 
boiler,  glass  piping,  and  condenser  sections  and  are  secured 
with  fasteners  tightened  in  a  star  pattern  to  60  in- lbs 
maximum  torque.  The  apparatus  was  leak  tested  by  placing  it 
under  an  initial  vacuum  of  4.96  kPa  absolute  (0.72  psia)  . 
After  18  days,  the  system  pressure  was  12.81  kPa  (1.86  psia) 
giving  a  mean  leak  rate  of  0.434  kPa  (0.063  psi)  per  day. 

B.  SYSTEM  POWER  AND  INSTRUMENTATION 

Power  for  the  boiler  heaters  is  controlled  by  a  Halmar 
system  located  in  the  laboratory  switchboard.  A  schematic  of 
the  system  is  shown  in  Figure  3.4.  Four- hundred- forty  VAC 
line  voltage  is  reduced  by  a  factor  of  100  in  a  differential 
input  precision  voltage  attenuator.  The  stepped- down  voltage 
is  then  passed  through  a  True -Root -Mean -Square  (TRMS) 
converter  in  which  the  integration  period  is  reduced  to  about 
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100  ms.  The  output  of  the  TRMS  converter  is  then  buffered  and 
compared  to  a  reference  voltage  from  a  panel -mounted 
potentiometer.  The  comparator  output  is  fed  to  the  control 
input  of  a  Halmar  silicon- controlled  rectifier  power  supply 
that  applies  the  actual  voltage  to  the  heaters.  The  TRMS 
converter  output  is  also  paralleled  through  a  filter  and  then 
inputted  to  the  data  acquisition  system  for  voltage  and 
current  measurement  [Ref.  35]  .  An  AC  voltmeter  and  ammeter 
are  mounted  on  the  switchboard  for  visual  reference  only. 

Saturated  steam  temperature  in  the  test  condenser  is 
measured  by  two  type-T  copper/constantan  thermocouples 
positioned  in  a  well  whose  tip  is  located  in  the  steam  flow 
between  the  test  tube  and  condenser  shell.  Ambient 
temperature  is  measured  with  a  type-T  copper/constantan 
thermocouple  located  in  the  proximity  of  the  apparatus.  The 
inlet  and  outlet  test  tube  coolant  temperatures  are  measured 
with  an  HP-2804A  quartz  crystal  thermometer.  Two 
copper/constantan  thermocouples  fitted  into  wells  also  provide 
a  crude  check  of  the  quartz  thermometer  measurements. 

Test  condenser  pressure  is  monitored  by  both  a  Heise  0- 
103  kPa  (0-15  psia)  pressure  gage  and  a  Setra  model  204 
pressure  transducer.  These  were  installed  in  1992  and 
replaced  a  mercury  manometer  that  was  attached  to  the 
apparatus.  Both  devices  measure  gage  pressure  relative  to 
atmospheric  and  require  a  local  atmospheric  pressure  value  to 
convert  from  gage  to  absolute  pressure  [Ref.  36]  .  It  was 
discovered  that  the  pressure  transducer  had  previously  been 
operated  incorrectly.  Meyer  and  previous  researchers  compared 
the  transducer  pressure  to  a  constant  14.78  psi  atmospheric 
pressure  in  all  experimental  trials.  Because  they  calculated 
the  mass  fraction  of  noncondensibles  gases  in  the  apparatus 
from  the  pressure  transducer,  this  constant  value  of 
atmospheric  pressure  would  have  given  them  false  and 
inconsistent  noncondensible  fractions  for  different 
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experiments.  Its  effect  on  their  judgement  of  experimental 
validity  is  unknown.  Measurements  of  experimental  pressure 
for  this  thesis  were  determined  by  the  transducer  output 
relative  to  atmospheric  pressure  measured  from  a  mercury 
barometer  located  in  the  adjacent  calibration  laboratory. 

Coolant  flow  is  measured  by  a  Fischer  and  Porter  model 
FP- 1- 35 -G- 10/83  rotameter  installed  on  the  discharge  side  of 
the  coolant  pumps.  Complete  operating  instructions  for  the 
experimental  apparatus  are  contained  in  Appendix  A. 

Because  the  last  instrument  calibration  was  reported  by 
Swenson  in  1992  [Ref.  32],  all  thermocouples,  the  quartz 
thermometer,  the  rotameter,  and  the  Halmar  power  supply 
voltage  output  were  recalibrated.  The  calibration  procedure 
and  voltage  correlations  are  discussed  in  Appendix  B.  The 
pressure  transducer  and  Heise  gage  were  not  calibrated  due  to 
lack  of  campus  facilities.  A  comparison  of  the  last  and 
current  calibration  correlations  showed  agreement  within 
0.25°C  for  the  thermocouples,  0.025°C  for  the  quartz 
thermometers,  and  1  percent  for  the  rotameter  in  the 
experimental  ranges .  These  close  comparisons  indicate  that 
the  lack  of  recent  instrument  calibration  for  Meyer's 
experiments  should  not  have  affected  his  results. 

C.  DATA  ACQUISITION 

An  HP-3497A  data  acquisition  system  and  the  quartz 
thermometer  unit  are  linked  to  a  HP-9826  computer  and  Think- 
Jet  printer.  HP- BASIC  program  DRPALL  contained  in  Appendix  C 
is  used  to  read,  store,  and  process  the  experimental  data. 
The  data  acquisition  subroutine  prompts  for  the  tube  and  fin 
dimensions,  tube  material,  and  pressure  condition  for  each 
experimental  trial.  For  each  data  point,  coolant  flow  from 
the  rotameter  and  the  gage  pressure  are  manually  entered.  The 
data  acquisition  system  remotely  reads  the  system  voltage,  the 
pressure  transducer  voltage,  the  coolant  inlet  and  outlet 
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temperatures  from  the  quartz  thermometers,  and  the  coolant, 
steam,  and  ambient  thermocouple  voltages.  Five  readings  of 
the  transducer,  quartz  thermometers,  and  thermocouples  are 
taken  over  approximately  fourty- five  seconds  and  then  averaged 
to  minimize  the  error  due  to  system  fluctuations. 

For  each  data  point,  the  steam  temperature,  coolant 
temperature  rise,  system  voltage,  and  noncondensible  gas  mass 
fraction  are  reported  for  visual  inspection.  When  these 
values  lie  within  the  proper  range  and  the  coolant  temperature 
rise  for  two  consecutive  data  readings  lies  within  0.01°C  at 
the  same  flow  rate,  the  most  recent  pressure,  voltage,  flow, 
and  steam,  ambient,  and  coolant  temperatures  are  stored  in  a 
file  for  future  analysis.  A  complete  experimental  trial 
consists  of  14  data  points.  Data  points  are  taken  at  ten 
percent  rotameter  increments  from  80  to  20  percent  flow.  To 
assure  their  validity,  data  points  are  then  taken  in  reverse 
order  from  20  to  80  percent  flow. 

D.  CONDENSER  TUBES 

1 .  Description 

The  apparatus  is  designed  for  condenser  tubes  228.6  mm  (9 
in)  long.  The  inlet  and  outlet  shoulders  that  fit  within  the 
inserts  are  60.325  mm  (2-3/8  in)  and  34.925  mm  (1-3/8  in)  long 
respectively,  leaving  an  active  condensation  length  of  133.35 
mm  (5-1/4  in)  .  The  tube  O.D.  at  the  ends  is  machined  to  a 
standard  pipe  size  of  15.88  mm  (5/8  in)  .  Tube  inside  and  root 
diameters  vary  dependent  on  the  source  of  supply  and 
fabricator.  Fin  spacing  of  1.5  mm  and  fin  thickness  of  1.0  mm 
were  selected  as  these  were  previously  determined  to  be 
optimum  values  for  steam  condensation  enhancement  on  copper 
tubes  [Refs.  8,  9,  and  37] . 

Discrepancies  were  found  in  the  reported  dimensions  of 
the  tubes  tested  by  Meyer.  Multiple  measurements  of  fin 
dimensions,  root  diameter,  and  inside  diameter  were  taken  with 
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a  digital  caliper.  Significant  taper  from  one  end  of  the  tube 
to  the  other  was  noted  of  up  to  0.07  mm  in  fin  height,  up  to 
0.21  mm  in  root  diameter,  and  up  to  0.20  mm  in  inside 
diameter.  The  degree  of  taper  was  linear  along  the  tube 
length  and  was  probably  due  to  the  machining  process.  If  the 
average  dimensions  were  used  in  experimental  data  reduction, 
it  is  unlikely  that  this  taper  would  have  significantly 
affected  the  results.  However,  a  comparison  of  these  averaged 
measured  values  and  the  dimensional  values  reported  by  Meyer 
show  disagreement  of  up  to  0.15  mm  in  fin  height,  up  to  0.15 
mm  in  root  diameter,  and  up  to  0.32  mm  in  inside  diameter. 
The  inside  and  root  diameters  are  used  in  calculating  the  heat 
transfer  coefficients  and  enhancement.  These  differences 
could  have  affected  his  results.  Table  3.1  shows  the  correct 
dimensions  of  Meyer's  tubes. 

Fabrication  of  the  new  set  of  stainless  steel  tubes  was 
accomplished  by  the  NPS  machine  shop  on  a  numerical  lathe  with 
a  common  ASTM  304  stainless  steel  tube  stock.  This  assured 
dimensional  consistency  and  taper  of  less  then  0.04  mm  for  fin 
dimensions  and  less  than  0.12  mm  for  diameters  in  each  tube. 
Comparisons  among  tubes  showed  a  range  of  less  than  0.01  mm  in 
fin  width  and  spacing,  less  than  0.13  mm  in  inside  diameter, 
and  less  than  0.19  mm  in  root  diameter.  Therefore,  the  only 
significant  dimensional  variable  among  tubes  was  fin  height. 
The  fin  geometries,  diameters,  and  materials  of  the  new  tubes 
tested  are  summarized  in  Table  3.2. 

2.  Surface  Treatment  of  Condenser  Tubes 

To  ensure  complete  film  condensation  on  the  test  tiibes, 
special  surface  treatment  was  performed  before  testing. 
Swenson  [Ref.  32]  and  O'Keefe  [Ref.  33]  both  noted  that 
dropwise  condensation  was  difficult  to  prevent,  particularly 
on  copper  tubes.  A  caustic  soda  treatment  originally  proposed 
by  Georgiadis  [Ref.  38]  was  used  by  Meyer  [Ref.  2]  to  oxidize 
the  tube  surface  and  gain  filmwise  condensation  on  his  copper. 
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Type 

Fin 

Width 

(mm) 

Finned 

1.0 

Finned 

1.0 

Finned 

1.0 

Finned 

1.0 

Finned 

1.0 

Fin  Fin 

Spacing  Height  I.D. 

(itim)  (mm)  (mm) 


Root 

Diameter 

(mm)  Material 


0.42 

12.65 

13.77 

STS 

0.60 

12.69 

13.80 

STS 

1.02 

12.69 

13.84 

STS 

1.11 

13.02 

14.02 

STS 

1.46 

12.93 

14.03 

STS 

Table  3.1.  Actual  Dimensions  of  Meyer's  [Ref.  2]  Stainless 

Steel  Tubes 


Type 


Smooth 


Finned 


Finned 


Finned 


Finned 


Finned 


Finned 


Finned 


Finned 


Fin  Fin  Fin  Root 

Width  Spacing  Height  I.D.  Diameter 

(mm)  (mm)  (mm)  (mm)  (mm) 


0.16 


0.28 


0.38 


0.48 


0.75 


0.95 


1.26 


1.42 


13.21 


13.20 


13.15 


13.08 


13.11 


13.10 


13.08 


13.08 


13.10 


14.10 


14.25 


14.23 


14.29 


14.26 


14.25 


14.24 


14.21 


14.28 


Material 


304  STS 


304  STS 


304  STS 


304  STS 


304  STS 


304  STS 


304  STS 


304  STS 


304  STS 


Table  3.2.  New  Stainless  Steel  Tubes  Tested 


copper- nickel ,  aliiminum,  and  stainless  steel  tubes.  The 
procedure  is: 

1.  Thoroughly  scrub  new  tubes  inside  and  out  with  a  soft 
bristle  brush  using  water  and  a  mild  detergent  to 
remove  dirt  and  oil . 

2.  Soak  tubes  for  one  hour  in  acetone  to  remove  remaining 
oil.  Thoroughly  rinse  with  distilled  water. 

3.  Wearing  protective  goggles  and  gloves,  mix  a  solution 
of  equal  parts  by  volume  of  ethyl  alcohol  and  sodium 
hydroxide  (caustic  soda) .  Do  not  use  any  previously 
mixed  solution  because  the  caustic  soda  absorbs  carbon 
dioxide  from  the  air  limiting  its  effectiveness.  Heat 
the  solution  in  a  hot  water  bath  until  it  achieves  the 
consistency  of  thin  paste.  Thin  with  added  alcohol  if 
necessary. 

4.  Place  the  cleaned  tube  in  a  steam  bath.  Apply  the 
caustic  soda  solution  with  a  brush  over  the  active 
area  of  the  tube.  Rotate  the  tube  while  applying  to 
ensure  the  entire  tube  surface  is  treated.  Apply  the 
solution  at  ten  minute  intervals  for  one  hour.  Note: 
For  aluminum  tubes  only,  discontinue  solution 
treatment  once  a  continuous  oxide  layer  forms  on  the 
tube  surface.  Additional  treatment  could  reduce  the 
tube  dimensions  from  excess  corrosion. 

5.  At  the  end  of  the  treatment  procedure,  rinse  the  tube 
with  acetone  and  then  distilled  water.  Examine  the 
surface  film  for  continuity.  If  an  unbroken  film  does 
not  exist,  repeat  Step  4.  Do  not  touch  the  active 
area  of  the  tube  once  the  desired  film  condition  is 
achieved. 

Although  Georgiadis  cited  no  reference  for  this 
procedure,  a  similar  treatment  was  found  for  preparing 
stainless  steel  for  electroplating  [Ref.  39] .  The  metal  is 
soaked  in  a  five  percent  by  weight  solution  of  caustic  soda 
while  a  seven  to  twelve  volt  potential  is  applied  between  the 
solution  and  metal.  The  process  is  discontinued  once  water 
forms  an  unbroken  film  on  the  metal. 

During  retesting  of  Meyer's  stainless  steel  tubes, 
Georgiadis'  tube  treatment  procedure  proved  inadequate. 
Despite  repeated  caustic  soda  treatment  of  the  tubes,  dropwise 
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condensation  could  not  be  prevented.  Direct  immersion  of  the 
tubes  in  a  ten  percent  (by  volume)  solution  of  caustic  soda  at 
80 “C  was  also  ineffective.  Several  copper  and  copper-nickel 
tubes  were  also  treated  and  retested  with  the  same  poor 
results.  After  several  months  of  repeated  dropwise  trials,  an 
acid  treatment  procedure  was  tried  as  an  alternative  [Ref. 
40] .  Stainless  steel  tubes  were  soaked  in  a  solution  of  225 
ml  nitric  acid  (70%  molar),  75  ml  hydrochloric  acid  (37% 
molar),  and  1,200  ml  distilled  water  at  58°C  for  15  minutes. 
Afterwards,  they  were  soaked  for  15  minutes  in  a  solution  of 
225  ml  nitric  acid  and  1,275  ml  water  at  65°C.  When  this 
procedure  was  used  on  Meyer's  stainless  steel  tubes  that  had 
been  previously  treated  with  caustic  soda,  a  white  marbled 
finish  formed  on  the  tubes.  No  measurable  change  in  tube 
dimensions  was  observed.  This  finish  proved  effective  at 
maintaining  film  condensation  during  retest  of  Meyer's 
stainless  steel  tubes.  No  retest  of  Meyer's  copper  or  copper- 
nickel  tubes  was  possible.  The  acid  treatments  referenced  for 
treatment  of  these  metals  [Ref.  40]  severely  damaged  the 
tubes,  decreasing  the  fin  and  tube  dimensions,  rounding  the 
rectangular  fin  profiles,  and  in  some  cases,  completely 
eroding  the  interfin  space. 

When  the  acid  treatment  was  used  on  the  new  set  of 
stainless  steel  tubes  that  had  no  prior  caustic  soda 
treatment,  no  white  finish  formed  and  film  condensation  could 
not  be  maintained  during  experimentation.  Therefore,  the 
combination  Georgiadis'  caustic  treatment  followed  by  the  acid 
treatment  was  used.  This  combination  was  used  successfully 
for  testing  most  of  the  new  stainless  steel  tubes  although 
repeated  treatments  were  often  necessary.  The  combination 
solution  treatment  was  ineffective  for  testing  the  smooth  and 
0.16  mm  fin  height  tubes. 

For  these  two  tubes,  another  approach  was  sought  to 
oxidize  the  surface.  The  tubes  were  heated  with  an 
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oxyacetylene  torch  and  then  air  cooled  to  obtain  a  brown  oxide 
layer  on  the  tube  surface.  This  proved  an  effective  and  much 
simpler  method  for  promoting  film  condensation.  No  measurable 
change  in  tube  or  fin  dimensions  was  noted  after  heat 
treatment.  Therefore,  the  layer  must  be  extremely  thin  and 
should  not  affect  the  tube  thermal  conductivity  [Ref.  41]  . 
Two  of  the  tubes  that  were  tested  successfully  after  the 
combination  solution  treatment  were  subsequently  heat  treated 
and  retested.  These  tests  yielded  similar  experimental 
results  demonstrating  that  the  brown  oxide  layer  formed  from 
heat  treatment  did  not  significantly  effect  the  thermal 
characteristics  of  the  tube. 

3 .  Use  of  Tube  Inserts 

Previous  NPS  researchers  used  twisted  tape,  wire-wrap, 
and  the  Cal  Gavin  HEATEX  inserts  within  tubes .  These  inserts 
significantly  increase  the  overall  heat  transfer  rates  at  the 
expense  of  an  increase  in  the  pressure  drop  through  the  tube. 
Inserts  are  used  in  experimental  applications  to  realize  a 
larger  temperature  rise  in  the  coolant  flow  and  decrease  the 
uncertainty  of  heat  transfer  calculations.  Early 
investigations  had  shown  that  without  the  use  of  inserts,  the 
coolant  side  thermal  resistance  could  be  as  much  as  50  to  60 
percent  of  the  overall  thermal  resistance  [Ref.  37] .  A  small 
discrepancy  in  the  coolant  side  thermal  resistance  could 
therefore  translate  into  a  substantially  larger  discrepancy  in 
the  overall  heat- transfer  coefficient.  An  insert  enhances  the 
coolant  side  heat  transfer  coefficient  thereby  improving  the 
accuracy  of  the  experimentally  determined  overall  heat 
transfer  coefficient.  It  also  reduces  circumferential  wall 
temperature  variation  and  thermal  entrance  effects  by  inducing 
quicker  turbulent  boundary- layer  growth. 

The  favored  insert  for  the  most  recent  NPS  investigations 
was  the  HEATEX  insert .  It  is  a  wire  mesh  insert  that  disturbs 
the  laminar  boundary  layer  at  the  tube  wall  [Ref.  42]  . 
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O'Keefe  [Ref.  33]  found  that  the  HEATEX  insert  gave  a  twenty- 
percent  increase  in  the  overall  heat  transfer  coefficient 
compared  to  the  data  from  tubes  without  an  insert.  Swenson 
[Ref.  32]  compared  the  inside  heat  transfer  coefficients  for 
HEATEX  and  wire  wrap  inserts  to  data  runs  with  no  insert.  He 
reported  that  the  inside  heat  transfer  coefficient  doubled 
when  an  insert  was  used  in  place  of  a  smooth  tube. 

E.  MODIFICATIONS  TO  APPARATUS 

Minor  changes  were  made  to  the  experimental  apparatus. 
The  sight  glass  on  the  test  condenser  was  modified.  A 
Phenolic  spacer  and  a  plastic  outer  pane  were  attached  over 
the  inner  glass  pane.  Holes  were  drilled  into  the  side  of  the 
Phenolic  spacer  so  that  air  from  a  heat  gun  could  be  blown  to 
defog  the  inner  glass.  The  gate -type  throttle  valve  between 
the  cooling  water  pxamps  and  rotameter  was  replaced  with  a 
globe  valve.  This  allowed  more  steady  control  of  cooling 
water  flow  to  the  test  tube.  The  auxiliary  condenser 
regulator  outlet  valve  position  was  also  reversed  so  that  the 
arrow  on  the  valve  body  coincided  with  the  direction  of 
coolant  flow. 

It  was  observed  that  the  Teflon  spacer  that  supported  the 
inlet  end  of  the  test  tube  did  not  protrude  completely  to  the 
beginning  of  the  finned  area.  Approximately  4  mm  of  the 
smooth  tube  shoulder  was  exposed.  Experiments  conducted  with 
this  condition  would  overstate  the  experimentally  determined 
outside  heat  transfer  coefficient  because  additional  outside 
area  was  exposed  to  condensation.  This  original  spacer  was 
used  for  retesting  Meyer's  tubes  so  that  the  experimental 
conditions  would  be  duplicated.  A  correctly  sized  spacer  was 
installed  for  testing  the  new  set  of  tubes. 
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IV.  DETERMINATION  OF  HEAT  TRANSFER  COEFFICIENTS 
A.  DATA  REDUCTION 

The  total  heat  transfer  rate  (0)  across  the  test  tube  is 
calculated  directly  from  the  coolant  mass  flow  rate  (jij)  and 
the  coolant  temperature  rise  through  the  tube  as 

Q  =  lhCp(T^^,-Ti^)  (4.1) 


where  and  are  the  coolant  inlet  and  outlet 

temperatures  and  is  the  specific  heat.  The  total  heat 
transfer  rate  can  also  be  expressed  in  terms  of  the  overall 
heat  transfer  coefficient  (U^)  ,  the  effective  outside 
condensing  area  (A^)  ,  and  the  log-mean- temperature-difference 
(IMTD)  as 

Q  =  U^^(LMTD)  (4.2) 

where 


LMTD 


(4.3) 


Substituting  equation  (4.1)  into  equation  (4.2)  yields  an 
expression  for  direct  calculation  of  from  the 
experimentally  obtained  heat  flux  (g")  and  LMTD, 


A^iLMTD) 


Q" 

LMTD 


(4.4) 


The  overall  heat  transfer  coefficient  is  related  to  the 
overall  thermal  resistance  from  steam  to  the  coolant  by 


R^+R^  +  Ro  = 


(4.5) 


where  the  inside  coolant,  outside  vapor,  and  wall  resistances 


45 


For  computing  the  inside  effective  area,  two  different 
conditions  need  to  be  considered.  Over  the  inside  heat 
transfer  surface,  radial  heat  transfer  from  steam  to  coolant 
takes  place  over  the  "active"  tube  length  (L)  where  steam 
condenses  on  the  outer  surface.  Beyond  the  "active"  length  on 
either  side,  the  tube  ends  are  insulated  on  their  exterior  by 
the  Teflon  inserts.  Nevertheless,  axial  heat  transfer  takes 
place  along  the  inlet  (Iij)  and  outlet  {L2)  lengths.  To 
account  for  this  axial  "fin"  effect,  an  extended  longitudinal 
fin  approximation  and  associated  fin  efficiencies  are  used  to 
compute  the  inside  area  as 

=  TtD_^  (L  +  LiTii  +  L2ll2)  .  (4.11) 
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The  fin  efficiencies  and  1^2)  ^or  the  inlet  and  outlet 

lengths  are  given  by 


and 


where 


and 


tanh(MiLi) 


^2  = 


tanh(Af2L2) 


M2L2 


M,  = 


^  N  Ml 


^2  =  -^ 


^£2 

knA2 


(4.12) 

(4.13) 

(4.14) 


(4.15) 


The  fin  perimeters  (Pj  and  P2)  and  the  cross-sectional  areas 
and  A2)  for  tube  ends  of  equal  diameters  are  given  by 

Pi  =  P2  =  itPj  (4.16) 

and 

\  = -^  =  .  (4.17) 

With  Aq,  Aj!,  R^,  and  all  known,  the  only  unknown 
quantities  in  equation  (4.9)  are  the  outside  (h^)  and  inside 
(h_£)  heat  transfer  coefficients. 

The  most  accurate  way  to  obtain  inside  and  outside  heat 
transfer  coefficients  is  to  directly  measure  the  vapor 
temperature,  mean  inside  and  outside  wall  temperatures,  and 
the  coolant  temperature.  However,  the  measurement  of  tube 
wall  temperatures  requires  the  use  of  an  instrumented  tube 
with  thermocouples  embedded  in  the  wall.  The  fabrication  of 
such  tubes  is  expensive  and  time  consuming.  It  is  especially 
impractical  if  a  large  number  of  tubes  are  to  be  tested. 
Moreover,  the  extremely  delicate  thermocouples  are  easily 
damaged.  The  modified  Wilson  plot  technique  provides  a 
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simpler  alternative  to  solve  for  both  the  outside  and  inside 
heat  transfer  coefficients  simultaneously. 

B.  MODIFIED  WILSON  PLOT  TECHNIQUE 

In  1915,  Wilson  [Ref.  43]  developed  a  method  for 
indirectly  determining  the  inside  and  outside  thermal 
resistance  from  an  overall  resistance.  Wilson's  original 
method  required  a  constant  heat  fl\ax  to  the  system  in  order  to 
obtain  and  h^.  Since  the  cooling  water  velocity  is  varied 
during  the  experiments  in  this  study,  it  is  difficult  to 
maintain  a  constant  heat  flux  without  varying  boiler  power  and 
steam  velocity.  Briggs  and  Young  [Ref.  44]  proposed  a 
modified  Wilson  technique  to  accomodate  varying  flow  rates  and 
temperatures.  Their  modification  also  provided  separate 
techniques  for  boiling,  condensation,  and  no- phase -change 
conditions . 

The  method,  however,  still  requires  that  and  be 
expressed  in  terms  of  the  physical,  flow,  and  thermal 
properties  of  the  coolant  and  condensate.  The  inside  and 
outside  heat  transfer  coefficients  can  be  expressed  as  the 
product  of  a  leading  coefficient  (C^  and  C^)  and  a  parameter 
(Q  and  Z)  which  is  a  function  of  the  thermophysical  properties 
and  flow  variables,  as  discussed  in  the  next  two  sections,  to 
get 

hi  =  Cifl  (4.18) 


and 

Substituting  equations 
yields 

1 

UcAo 


ho 


z. 


(4.18)  and  (4.19) 


1 

CiQAi 


1 


(4.19) 


into  equation  (4.9) 


(4.20) 
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Rearranging  gives 


where 


and 


Y  =  mX+b  (4.21) 


y-U 

1^0 

(4.22) 

X  = 

' 

(4.23) 

m  = 

1 

c/ 

(4.24) 

b  = 

1 

Co' 

(4.25) 

A  least-squares  fit  of  equation  (4.21)  with  respect  to  X 
and  Y  gives  the  slope  and  intercept  which  are  the  reciprocals 
of  and  Cq  respectively.  The  accuracy  of  the  modified 
Wilson  plot  technique  is  dependent  on  the  number  and  spread  of 
X-Y  data  points,  with  and  now  known,  and  for  any 
data  point  follow  from  equations  (4.18)  and  (4.19),  and  the 
temperature  drop  across  the  condensate  film  (AT^^j^)  simply 
becomes 


C. 


Ar, 


film 


OUTSIDE  HEAT  TRANSFER  CORRELATIONS 


(4.26) 


The  first  work  on  the  study  of  filmwise  condensation  on 
horizontal  smooth  tubes  was  carried  out  by  Nusselt  [Ref.  4], 
as  discussed  in  detail  in  Chapter  2 .  The  average  outside  heat 
transfer  coefficient  for  the  Nusselt  theory  is  given  by 


=  0.728 


11/4 


fff 


(4.27) 


The  Nusselt  theory  has  been  extensively  studied,  and  with 
the  imposed  assumptions,  it  has  been  found  to  be  generally 
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valid  [Refs.  45,  46].  It  has  also  been  found  to  be  quite 
accurate  for  cases  which  do  not  conform  to  Nusselt's  original 
assumptions,  such  as  variable  wall  temperature  [Ref.  47] . 

One  of  the  major  problems  encountered  in  applying 
Nusselt's  theory  in  the  design  of  condensers  arises  from  his 
assumption  of  a  quiescent  vapor.  While  in  theory,  and  in  some 
limited  practical  applications,  the  assumption  of  a  stationary 
vapor  can  be  justified,  most  steam  condensers  operate  under 
conditions  where  the  vapor  is  traveling  at  some  sizable 
velocity.  The  downward  flowing  vapor  introduces  condensate 
thinning  by  vapor  shear,  which  significantly  increases  the 
outside  heat  transfer  coefficient  beyond  that  predicted  by 
Nusselt.  Shekriladze  and  Gomelauri  [Ref.  48]  were  the  first 
to  conduct  a  theoretical  analysis  to  account  for  vapor  shear. 
They  assumed  that  the  primary  contribution  to  the  surface 
shear  stress  was  due  to  the  change  in  momentxim  across  the 
liquid- vapor  interface.  They  approximated  the  mean  Nusselt 
nvimber  (dimensionless  mean  heat  transfer  coefficient)  as 

— =  0.64[l+ (1+1.69F)^/2]1/2  (4.28) 


where  the  dimensionless  parameter  (F)  is  the  ratio  of  the 
gravity  force  to  the  shear  force. 


(4.29) 


and  Re2ff,  is  the  two  phase  Reynolds  nximber  given  by 


(4.30) 


At  large  values  of  F,  where  gravitational  forces 
dominate,  the  Shekriladze  and  Gomelauri  equation  (4.28) 
reduces  to  Nusselt's  equation  (4.27)  .  At  low  values  of  F,  the 
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Shekriladze  and  Gomelauri  correlation  predicts  significantly 
larger  values  of  than  Nusselt  due  to  the  vapor  shear 
thinning  of  the  condensate  film.  Lee  and  Rose  [Ref.  49] 
compared  several  vapor  shear  models  with  experimental  results 
and  found  that  the  Shekriladze  and  Gomelauri  results  were  more 
conservative  than  the  more  rigorous  developments  performed  by 
other  researchers  due  to  their  simplified  approximation  for 
the  interfacial  shear  stress. 

Fujii  et  al.  [Ref.  50]  developed  an  empirical  formulation 
for  the  condensation  of  steam  on  a  horizontal  tube  which 
included  the  vapor  velocity  effects.  The  Nusselt  number  for 
their  model  is  given  by 

-J^-  =  0.96F^^^,  (4.31) 


where  F  and  Re2^  are  defined  in  equations  (4.29)  and  (4.30). 
For  situations  where  the  surface  shear  forces  dominate, 
Fujii 's  correlation  more  accurately  predicts  the  vapor  side 
heat  transfer  coefficient  for  steam. 

At  NFS,  Long  [Ref.  34]  processed  his  experimental  data 
for  steam  velocities  less  than  2  m/s  using  both  the  Nusselt 
and  Fujii  correlations  along  with  the  modified  Wilson  plot 
technique.  He  found  almost  equal  values  of  h^,  presumably  due 
to  the  small  amount  of  interfacial  shear  associated  with  these 
low  velocities.  Subsequent  researchers  at  NFS  have  used 
Nusselt 's  outside  correlation  exclusively  to  avoid  the 
necessity  of  calculating  an  accurate  steam  velocity.  The 
leading  coefficient  in  Nusselt 's  correlation  is  incorporated 
into  Cq  so  that 


Z  = 


^  "^sat  ~ 


(4.32) 
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An  iterative  technique  is  used  to  find  the  film  temperature 
{Tf)  for  evaluation  of  the  properties  and  is  described  in 
Appendix  C.  The  term  on  the  right  accounts  for  drainage  from 
the  tube  as  a  function  of  the  ratio  of  gravity  to  viscous 
forces.  Heat  transfer  is  a  therefore  a  function  of  the 
drainage,  thermophysical  properties,  temperature  difference 
between  steam  and  tube,  and  root  diameter.  Other  factors  that 
contribute  to  heat  transfer  such  as  area  enhancement  from 
finning,  surface  tension  forces,  and  vapor  shear  are 
incorporated  into  the  leading  coefficient. 

D.  INSIDE  HEAT  TRANSFER  CORRELATIONS 

Several  correlations  are  available  for  heat  transfer 
within  a  smooth  pipe  with  turbulent  flow  {Re  >  10,000).  A 
majority  of  the  correlations  are  presented  in  the  form 

Nu  =  C^Re^Pi^  (4.33) 

which  has  been  used  for  several  well-known  correlations 
including  those  developed  by  Dittus  and  Boelter  [Ref.  51] 

Nu  =  0.023i?e°-®Pr°-^  (4.34) 


and  Colburn  [Ref.  52] 

Nu  =  0.023Re^/5p_j-i/3_  (4.35) 


A  correction  factor  for  equation  (4.35)  was  developed  by 
Sieder  and  Tate  [Ref.  53]  as 


Nu  =  0.027J?e^/5p_j.i/3 


(4.36) 


to  compensate  for  the  variation  in  the  coolant  viscosity  when 
large  temperature  differences  exist  between  the  bulk  coolant 
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and  the  inner  tube  wall  temperatures .  With  the  exception  of 
all  coolant  properties  for  equations  (4.34),  (4.35),  and 

(4,36)  are  evaluated  at  the  mean  coolant  bulk  temperature  (T^^) 


(4.37) 


The  Dittus-Boelter,  Colburn,  and  Sieder-Tate  correlations  are 
all  valid  for  Re  >  10^  and  0.7  <  Pr  <  100,  and  were  developed 
for  long,  smooth  pipes  without  inserts  [Ref.  54]. 

More  recently,  Sleicher  and  Rouse  [Ref.  55]  and  Petukhov 
and  Popov  [Ref.  56]  developed  equations  which  are  applicable 
over  a  wider  range  of  Prandtl  numbers.  The  Sleicher-Rouse 
correlation  is 


Nu  =  5+0.0l5Ref‘^Pr„‘^ 


(4.38) 


where 


c  =  0.88- 


0.24 
4  +Pr. 


d  =  0  •  5exp  (-0.6  PxJ  . 


(4.39) 


(4.40) 


The  Petukhov- Popov  correlation  is 


Nu  =  _ iy/ 8)  RePr _ 

+  ^2  (  y/ 8 )  Pr  2/3  - 1 ) 


(4.41) 


where 


Y  =  (l.82logio(Re)  -1.64)-2, 


(4.42) 


jq  =  1  +  3 .4Y, 


(4.43) 


jq  =  11.7  +l.8Pr"^/2 


(4.44) 


The  Petukhov- Popov  correlation  is  valid  for  10^  <  Re  <  5  x  10® 


and  0.5  <  Pr  <  2,000. 

At  the  Argonne  National  Laboratory,  Lorenz  et  al.  [Ref. 
57]  compared  the  experimentally  determined  inside  Nusselt 
numbers  for  turbulent  flow  of  cold  water  in  smooth  tubes  to 
seven  of  the  more  common  inside  heat  transfer  correlations, 
namely,  Dittus-Boelter,  Sieder-Tate,  Kays,  Braun,  Petukhov- 
Popov,  Eagle- Ferguson,  and  Sleicher-Rouse .  Tests  were  run  at 
Pr  =  11.6  with  10,000  <  Re  <  35,000  and  Pr  =  6.0  with  40,000 
<  Re  <  140,000.  They  found  that  the  Petukhov- Popov  and 
Sleicher-Rouse  correlations  agreed  with  the  experimentally 
determined  inside  Nusselt  numbers  within  five  percent.  The 
other  correlations  typically  underpredicted  the  data  by  up  to 
15  percent. 

Both  the  Petukhov- Popov  and  Sleicher-Rouse  correlations 
assume  a  long  straight  inlet  section  prior  to  the  test 
section.  Swenson  [Ref.  32]  identified  these  correlations  as 
the  most  accurate  but  felt  that  he  could  not  use  them  because 
of  the  90°  bend  in  the  inlet  flow  arrangement  for  the  test 
apparatus.  O'Keefe  [Ref.  33]  used  the  modified  Wilson  plot 
technique  and  both  of  these  inside  correlations  to  analyze  his 
data.  He  allowed  the  inside  leading  coefficient  (C_£)  to 
"float"  in  an  iterative  process.  He  then  compared  his  values 
of  Aq  obtained  using  each  inside  correlation  with  Swenson's 
values  of  obtained  from  an  instrvimented  tube  and  found 
agreement  within  seven  percent  for  smooth  copper  and  titanium 
tubes.  Using  a  recommendation  of  Lorenz  [Ref.  57]  ,  he  altered 
the  Reynolds  number  exponent  in  the  Sieder-Tate  equation  from 
0.8  to  0.85,  and  obtained  results  similar  to  the  Petukhov- 
Popov  and  Sleicher-Rouse  correlations. 

The  Petukhov- Popov  correlation  requires  determination  of 
properties  only  at  the  coolant  mean  bulk  temperature  (T^) 
while  the  Sieder-Tate  and  Sleicher-Rouse  correlations  require 
property  evaluation  at  the  inside  wall  temperature.  Wall 
temperature  must  be  iteratively  determined  when  processing 
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data  from  noninstrumented  tubes.  For  this  reason,  the 
Petukhov- Popov  correlation  has  been  the  choice  of  researchers 
at  NPS  since  1992  where 


_ iy/ 8)  RePr _ _ 


(4.45) 


The  Petukhov- Popov  correlation  was  derived  for  fully 
developed  turbulent  flow  in  smooth  tubes  with  constant  heat 
flux  along  the  tube  wall.  No  leading  coefficient  is  required, 
so  =  Q.  During  these  tests,  because  of  the  90®  bend  in  the 
coolant  line  approximately  90  mm  prior  to  the  test  tube  and 
the  use  of  an  insert,  the  flow  may  be  different  than  the 
conditions  used  in  deriving  the  Petukhov- Popov  correlation. 
In  addition,  because  of  a  condensate  film  of  varying  thickness 
around  the  tube,  heat  flux  is  circumferentially  variable.  To 
account  for  these  additional  conditions,  a  leading  coefficient 
(C^)  is  introduced  in  equation  (4.18). 

E.  ENHANCEMENT  RATIO 

The  heat  transfer  enhancement  ( ejy)  used  in  this  thesis 
is  the  same  as  defined  by  Rose  [Refs.  26,  27]  .  It  is  the 
ratio  of  heat  transfer  coefficients  of  a  finned  tube  based  on 
a  smooth  tube  area  of  fin  root  diameter  (D^)  to  that  of  a 
smooth  tube  of  outside  diameter  (D^)  equal  to  the  finned  tube 
root  dicimeter.  Both  heat  transfer  coefficients  are  evaluated 
at  the  same  vapor  side  temperature  difference.  Recalling  that 
ho  =  C^Z, 


finned  | 

^o,  smooth  y 


^o,  fiimedZfinned\ 
^o,  smoothZ smooth /^y 


(4.46) 


For  the  same  temperature  drop  across  the  condensate  film,  the 
film  temperature  and  fluid  properties  are  the  same,  so  that 
^smooth  =  ^finned  equation  (4.46)  reduces  to 


=  finned 

C 

smooth 


(4.47) 
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From  a  previous  discussion,  is  probably  a  function  of 
area  enhancement  and  fin  geometrical  effects,  surface  tension 
effects,  and  vapor  shear  effects.  No  attempt  was  made  during 
this  thesis  to  separate  out  the  individual  contributions. 
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V.  RESULTS  AND  DISCUSSION 


A.  RETEST  OF  MEYER'S  STAINLESS  STEEL  TUBES 

Due  to  the  discrepencies  in  tube  dimensions  and  program 
coding  discussed  in  Chapter  III  and  Appendix  C,  Meyer's 
stainless -steel  tube  data  were  reprocessed.  The  reported  and 
reprocessed  values  of  enhancement  are  shown  in  Tables  5.1  and 
5.2.  Because  the  effects  of  each  discrepancy  are  small,  only 
minor  differences  between  the  two  are  noted.  The  trend  of 
decreasing  enhancement  with  increasing  fin  height  remained  the 
same.  Reprocessing  of  the  stainless  steel,  1.12  mm  fin  height 
tube  at  vacuum  conditions  was  not  possible  because  his  raw 
data  file  could  not  be  located.  Enhancements  were  determined 
from  equation  (4.89)  where  ^o, smooth  obtained  as  the 
average  of  Cobb's  [Ref.  6]  smooth  tube  copper  values. 
These  smooth  tube  values  were  0.81  and  0.85  for  vacuum  and 
atmospheric  trials,  respectively. 

Meyer's  stainless  steel  tubes  were  retested  under  vacuum 
and  atmospheric  conditions.  Two  tests  at  each  pressure 
condition  were  conducted  for  the  tubes  with  0.60  mm  and  1.46 
mm  fin  heights.  Only  one  test  was  conducted  at  each  pressure 
condition  for  the  other  tubes.  Results  are  tabulated  in 
Tables  5.3  and  5.4.  Enhancement  versus  fin  height  is  plotted 
in  Figures  5.1  and  5.2  for  Meyer's  data  and  the  retested 
values.  The  experimentally  determined  enhancements  agreed 
within  -11.0  to  +8.7  percent  except  for  the  0.60  fin  height 
atmospheric  trial  which  differed  by  -19.2  percent.  Within  the 
range  of  fin  heights  tested,  the  general  trend  of  decreasing 
enhancement  with  increasing  fin  height  noted  by  Meyer  was 
confirmed. 

Closer  agreement  with  Meyer's  enhancements  was  expected. 
Meyer  only  reported  one  trial  for  each  tube  at  each  test 
condition  so  it  is  possible  that  several  of  his  trials  could 
have  been  inaccurate.  It  was  also  thought  that  the  difference 
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Fin  Height 

Reported 

Reprocessed 

Percent 

Material 

(mm) 

Enhancement 

Enhancement 

Difference 

STS 

0.42 

1.20 

1.18 

-1.4 

STS 

0.60 

1.12 

1.10 

-1.6 

STS 

1.02 

0.97 

0.96 

-0.2 

STS 

1.12 

0.91 

N.A. 

N.A. 

STS 

1.46 

0.96 

0.94 

-2.3 

Table  5.1.  Reported  and  Reprocessed  Values  of  Enhancement 

for  Meyer's  Tubes  (Vacuum) 


Material 

Fin  Height 
(mm) 

Reported 

Enhancement 

Reprocessed 

Enhancement 

Percent 

Difference 

STS 

0.42 

1.36 

1.34 

-1.3 

STS 

0.60 

1.14 

1.42 

0.1 

STS 

1.02 

1.14 

1.14 

-0.2 

STS 

1.12 

1.17 

1.10 

-5.5 

STS 

1.46 

1.10 

1.07 

-3.4 

Table  5.2.  Reported  and  Reprocessed  Values  of  Enhancement 
for  Meyer's  Tubes  (Atmospheric) 
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■f 

Meyer'S  Results 

detest  Results 

Ci 

Co 

Enhancement 

Ci 

Co 

Enhancement 

0.42 

2.34 

0.96 

1.18 

2.33 

1.00 

1.24 

0.60 

2.58 

0.89 

1.10 

2.08 

0.78 

0.96 

2.45 

0.81 

1.00 

1.02 

2.21 

0.78 

0.96 

2.07 

0.73 

0.90 

1.12 

File  not  available 

1.85 

0.74 

0.91 

1.46 

1.95 

0.76 

0.94 

1.81 

0.76 

0.94 

2.09 

0.74 

0.91 

Table  5.3.  Comparison  of  the  Experimentally  Determined 
Values  of  Ci,  C^,  and  Enhancement  for  Meyer's  Stainless 

Steel  Tubes  (Vacuxim) 


— 

Meyer' s  Results 

Retest  Results 

Ci 

Co 

Enhancement 

Ci 

Co 

Enhancement 

0.42 

2.69 

1.15 

1.34 

2.58 

1.24 

1.46 

0.60 

3.06 

1.22 

1.42 

2.32 

0.98 

1.15 

2.75 

0.98 

1.15 

1.02 

2.42 

0.98 

1.14 

2.15 

0.94 

1.11 

1.12 

2.87 

0.95 

1.10 

2.17 

0.97 

1.14 

1.46 

2.50 

0.92 

1.07 

2.17 

1.02 

1.20 

2.35 

0.98 

1.15 

Table  5.4.  Comparison  of  the  Experimentally  Determined 
Values  of  C^,  Cg,  and  Enhancement  for  Meyer's  Stainless 
Steel  Tubes  (Atmospheric) 


Enhancement 


Figure  5.1.  Meyer's  and  the  Retested  Experimental  Values 
for  Enhancement  vs.  Fin  Height  for  Stainless 
Steel  Integral -Fin  Tubes  (Vacuvim) 
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Enhancement 


could  be  attributed  to  differences  in  coolant  temperature 
rise.  Because  of  seasonal  variations  in  the  ground 
temperature,  Meyer's  coolant  inlet  temperatures  were  1°  to  2®C 
lower  than  when  the  retests  were  conducted.  The  temperature 
difference  between  steam  and  coolant  was  thus  larger  for  his 
trials,  resulting  in  a  larger  coolant  temperature  rise  through 
the  tube.  In  addition,  it  was  later  found  that  the  retesting 
of  Meyer's  tubes  was  accomplished  with  the  HEATEX  insert 
installed  backwards  [Ref.  42].  Consequently,  the  coolant 
temperature  rise  would  not  be  as  large.  Whether  due  to 
greater  inlet  temperature  or  due  to  reverse  positioning  of  the 
insert,  smaller  coolant  temperature  rises,  and  hence  smaller 
heat  fluxes,  could  have  clustered  the  X-Y  data  points  on  the 
modified  Wilson  plot,  lending  to  an  imprecisely  determined 
value  of  Cq.  The  insert  was  correctly  installed  for  the 
second  trials  conducted  on  the  0.60  mm  and  1.46  mm  fin  height 
tubes.  The  coolant  temperature  rise  was  slightly  larger  for 
these  trials,  however,  little  change  was  observed  in  the  value 
of  C^. 

A  comparison  of  the  X-Y  data  points  in  the  modified 
Wilson  plot  for  an  original  Meyer  experimental  run  and  retests 
with  the  insert  installed  correctly  and  incorrectly  is  shown 
in  Figure  5.3.  Little  difference  is  observed  in  the  spread  of 
points  or  the  slope  of  the  least -squares  line  for  each  trial, 
yet  the  intercepts  (inverse  of  C^)  are  different  for  each. 
More  than  likely,  this  difference  in  intercept  and  consequent 
values  of  and  enhancement,  can  be  attributed  solely  to 
experimental  uncertainty  and  not  to  differences  in  coolant 
temperature  rise. 
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Figure  5.3  Comparison  of  Modified  Wilson  Plot 

Experimental  Data  for  a  0.60  mm  Fin  Height 
Stainless  Steel  Tube  Under  Vacuum  Conditions 
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B.  TEST  RESULTS  OF  THE  NEW  FAMILY  OF  STAINLESS  STEEL  TUBES 

1.  General  Discussion 

The  nine  newly  fabricated  stainless  steel  tubes  were 
tested  under  vacuum  and  atmospheric  conditions.  An 
experimental  trial  was  considered  acceptable  if  no  evidence  of 
dropwise  condensation  was  observed  and  if  the  system  was 
maintained  within  the  prescribed  power  and  saturation 
temperature  ranges.  Two  or  three  acceptable  trials  were 
conducted  for  each  tube  at  each  pressure  condition.  A  total 
of  48  trials  was  accomplished  with  40  judged  acceptable.  The 
minimum  modified  Wilson  plot  regression  coefficient  was  0.997. 
Most  values  exceeded  0.999.  This  indicates  an  excellent 
linear  fit  of  the  data  points  for  determining  the  values  of 
the  leading  heat  transfer  coefficients.  Raw  and  processed 
data  sheets  are  compiled  in  Appendix  D. 

Summaries  of  the  experimentally  determined  enhancement 
and  heat  transfer  correlation  leading  coefficients  are  shown 
in  Tables  5.5  and  5.6.  Enhancements  were  determined  from 
equation  (4.89)  where  was  obtained  by  averaging  the 
smooth  tube  values  from  trials  conducted  at  the  same 
pressure  condition.  These  average  smooth  tube  values  are 
0.815  and  0.827  for  vacuum  and  atmospheric  trials, 
respectively,  and  are  within  a  few  percent  of  Cobb's  [Ref.  6] 
smooth  tube  values .  Comparisons  of  enhancements  calculated 
for  the  same  tube  and  pressure  condition  show  a  difference  of 
less  than  7.8  percent  for  vacuum  conditions  and  less  than  5.7 
percent  for  atmospheric  conditions.  Repeatable  results  were 
therefore  obtained. 

2.  Trends  in  Inside  Heat  Transfer  Correlation  Leading 
Coefficient, 

The  purpose  of  the  HEATEX  insert  is  to  increase  the 
turbulence  of  the  cooling  water,  remove  the  laminar  sublayer, 
and  enhance  the  inside  heat  transfer  coefficient.  Just  as  the 
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File  Name 


Fin  Height 
(mm) 


Enhancement 


SSMTV3 

Smooth 

2.80 

0.82 

1.00 

SSMTV4 

Smooth 

2.86 

0.81 

1.00 

S16V1 

0.16 

2.71 

1.09 

1.34 

S16V2 

0.16 

2.69 

1.09 

1.34 

S28V1 

0.28 

2.67 

1.17 

1.44 

S28V2 

0.28 

2.56 

1.16 

1.42 

S28V3 

0.28 

2.61 

1.13 

1.39 

S38V2 

0.38 

2.62 

0.97 

1.20 

S38V3 

0.38 

2.63 

0.99 

1.21 

S48V1 

0.48 

2.50 

0.95 

1.16 

S48V2 

0.48 

2.50 

0.97 

1.19 

S75V1 

0.75 

2.35 

0.88 

1.08 

S75V2 

0.75 

2.17 

0.84 

1.03 

S95V1 

0.95 

2.10 

0.77 

0.95 

S95V2 

0.95 

2.21 

0.83 

1.02 

S126V1 

1.26 

2.01 

0.75 

0.82 

S126V2 

1.26 

2.08 

0.76 

0.83 

S142V3 

1.42 

2.14 

0.71 

0.87 

S142V4 

1.42 

2.07 

0.73 

0.89 

S142V5 

1.42 

2.11 

0.71 

0.87 

Table  5.5.  Experimentally  Detemined  Values  of  C^,  C^,  and 
Enhancement  for  New  Stainless  Steel  Tubes  (Vacuum) 
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File  Name 


Fin  Height 
(mm) 


Enhancement 


SSMTA2 

Smooth 

3.01 

0.83 

1.00 

SSMTA3 

Smooth 

3.01 

0.83 

1.00 

S16A1 

0.16 

3.17 

1.11 

1.34 

S16A2 

0.16 

3.10 

1.12 

1.35 

S28A1 

0.28 

3.08 

1.33 

1.61 

S2  8A2 

0.28 

2.95 

1.28 

1.55 

S28A3 

0.28 

3.01 

1.26 

1.52 

S38A1 

0.38 

2.95 

1.09 

1.31 

S3  8A2 

0.38 

2.90 

1.12 

1.36 

S48A1 

0.48 

2.85 

1.11 

1.34 

S48A2 

0.48 

2.82 

1.14 

1.38 

S75A1 

0.75 

2.61 

1.03 

1.25. 

S75A2 

0.75 

2.65 

1.05 

1.27 

S95A1 

0.95 

2.47 

1.02 

1.23 

S95A2 

0.95 

2.55 

1.04 

1.26 

S126A2 

1.26 

2.32 

0.93 

1.12 

S126A3 

1.26 

2.32 

0.96 

1.16 

S142A3 

1.42 

2.43 

0.86 

1.04 

S142A4 

1.42 

2.47 

0.86 

1.05 

S142A5 

1.42 

2.48 

0.89 

1.07 

Table  5.6.  Experimentally  Determined  Values  of  C^,  C^,  and 
Enhancement  for  New  Stainless  Steel  Tubes  (Atmospheric) 
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outside  leading  coefficient  (C^)  is  a  measure  of  enhancement 
on  the  outside  of  the  tube,  the  inside  leading  coefficient 
(C^)  can  be  viewed  as  a  measure  of  enhancement  on  the  inside 
of  the  tube.  (From  Chapter  4,  C_£  also  accounts  for  the 

developing  flow  in  the  tube  leader  and  heat  flux  variations.) 
Without  an  insert,  for  the  Petukhov- Popov  correlation  would 
ideally  be  unity.  With  an  insert  installed,  the  value  of 
is  increased.  From  Tables  5.5  and  5.6,  the  smooth  tube 

experimental  values  of  is  approximately  2 . 8  and  3 . 0  for 
vacuum  and  atmospheric  pressure  conditions,  respectively. 

As  fin  height  increases,  the  condensate  flooding  angle 
decreases.  This  is  shown  in  Figure  5.4,  by  plotting  the 
flooding  angle  determined  by  equations  (2.6)  and  (2.7)  for  a 
fin  spacing  of  1.5  mm  and  fin  heights  ranging  from  0  to  1.5 
mm.  As  the  flooding  angle  decreases,  a  larger  fraction  of  the 
tube  is  covered  with  thick  condensate  film,  and  less  heat 
transfer  occurs  overall.  This  is  illustrated  in  Figures  5.5 
and  5.6,  where  heat  flux  is  plotted  against  fin  height. 
Considering  only  radial  heat  flow,  the  inside  of  the  tube 
views  the  thick  film  region  on  the  lower  outside  portion  of 
the  tube  as  insulated.  Heat  will  mostly  be  convected  from  the 
upper  inside  surface  of  the  tube  where  the  film  on  the  tube 
outside  is  thin.  Therefore,  as  the  flooding  angle  decreases, 
the  effective  convective  inside  area  decreases.  Because  the 
inside  heat  transfer  coefficient  is  calculated  assuming  the 
entire  inside  circumference  is  active,  it  will  decrease  due  to 
this  decreasing  effective  convective  area  as  shown  in  Figure 

5.7.  The  reduction  in  the  inside  heat  transfer  coefficient  is 
due  almost  exclusively  to  the  decrease  in  shown  in  Figure 

5.8.  Increasing  fin  height  thus  causes  to  decrease. 

This  same  trend  was  observed  by  Zebrowski  [Ref.  58]  and 

Lester  [Ref.  59]  .  They  placed  plastic  insulators  of  the  same 
angular  area  on  the  inside  and  outside  of  their  tubes.  As  the 
angle  was  increased  for  both  insulators,  the  inside  heat 
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Flooding  Angle  (deg) 


Figure  5.4  Analytically  Determined  Values  of  Flooding 

Angle  vs.  Fin  Height  for  a  Fin  Spacing  of  1.5 
mm. 
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Average  Heat  Flux  (k 


Fin  Height  (mm) 


Figure  5 . 5  Comparison  of  Average  Experimental  Heat  Flux 

and  Fin  Height  for  Stainless  Steel  Tubes 
(Vacuum) 
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Average  Heat  Flux  (kW/m^2) 


Fin  Height  (mm) 

Comparison  of  Average  Experimental  Heat  Flux 
and  Fin  Height  for  Stainless  Steel  Tubes 
(Atmospheric) 


Inside  Heat  Transfer  Coefficient  (kW/m'^2-K) 


Figure  5.7  Comparison  of  Inside  Heat  Transfer 

Coefficient  with  Fin  Height  for  Stainless 
Steel  Tubes 
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XM 


transfer  coefficient  and  decreased. 

The  Petukhov- Popov  correlation  was  formulated  for 
constant  heat  flvix  conditions  circumferentially  and  axially. 
As  pointed  out  in  the  preceding  discussion,  the  condensation 
film  thickness  and  heat  flux  vary  around  the  tube.  For  this 
reason,  the  Petukhov- Popov  correlation  is  probably  more 
accurate  for  tubes  of  shorter  fins  where  the  flooding  angle  is 
larger  and  the  angular  heat  flux  distribution  is  small. 

3.  Comparison  of  Outside  Heat  Transfer  Coefficient 
{h^)  with  Condensate  Film  Ten^erature  Drop 

Plots  of  the  outside  heat  transfer  coefficients  versus 
the  temperature  drop  across  the  condensate  film  for  each  fin 
height  and  pressure  condition  are  shown  in  Figures  5.9  through 
5.26.  The  minimum  and  maximum  experimental  uncertainties  are 
also  plotted  in  the  figures.  These  uncertainties  in  and 
film  AT  were  obtained  from  the  uncertainty  analysis  described 
in  Appendix  E.  Maximum  uncertainties  occurred  at  the  highest 
coolant  flow  rates  where  the  temperature  rise  of  the  coolant 
was  least .  Minimum  uncertainties  were  obtained  for  the  lowest 
flow  rates  where  the  coolant  temperature  rise  was  greatest. 
Uncertainties  for  the  vacuum  runs  were  greater  than  those  for 
the  atmospheric  runs  due  to  the  smaller  coolant  temperature 
rise. 

For  all  plots,  the  outside  heat  transfer  coefficient  is 
inversely  related  to  the  temperature  drop  across  the 
condensate  film.  As  the  coolant  flow  rate  is  increased,  the 
inside  heat  transfer  coefficient  and  hence  the  heat  flux 
increase.  Increased  condensation  occurs,  resulting  in  a 
thickening  of  the  condensate  film.  Because  the  increased 
condensate  thickness  acts  as  an  insulator  and  retards  heat 
transfer,  the  temperature  drop  across  the  film  increases  and 
the  outside  heat  transfer  coefficient,  which  is  inversely 
proportional  to  the  film  thickness,  decreases.  The 
temperature  drop  across  the  film  is  larger  for  the  atmospheric 
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Outside  Heat  Transfer  Coefficient  (KW/m^2-K) 


DELTA  T  Across  Film  (degC) 


Figure  5.9  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Smooth  Tube  (Vacuum) 
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10 


12 


20 


22 


14  16  18 

DELTA  T  Across  Film  (degC) 


Figure  5 . 10  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Terr^jerature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  0.16  mm 
(Vacuum) 
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Outside  Heat  Transfer  Coefficient  (KW/m''2-K) 


8  10  12  14  16  18  20  22 

DELTA  T  Across  Film  (degC) 


Figure  5.11  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  0.28  mm 
(Vacuum) 
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Outside  Heat  Transfer  Coefficient  (KW/m'^2-K) 


Figure  5 . 12  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  0.38  mm 
(Vacuum) 
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Outside  Heat  Transfer  Coefficient  (KW/m''2-K) 


12  14  16  18 

DELTA  T  Across  Film  (degC) 


Figure  5 . 13 


Experimentally  Determined  Values  of  the 
Outside  Heat  Transfer  Coefficient  ys.  Film 
Temperature  Difference  for  a  Stainless 
Integral-Fin  Tube  with  Fin  Height  0.48  mm 
(Vacuum) 


Outside  Heat  Transfer  Coefficient  (KW/m^2-K) 


Figure  5.14  Experimentally  Determined  Values  of  the_ 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  0.75  mm 
(Vacuum) 
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Outside  Heat  Transfer  Coefficient  (KW/m^2-K) 


19 


DELTA  T  Across  Film  (degC) 


Figure  5 . 15  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral-Fin  Tube  with  Fin  Height  0.95  mm 
(Vacuum) 
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Outside  Heat  Transfer  Coefficient  (KW/m^2-K) 


Figure  5.16  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  1.26  mm 
(Vacuum) 
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Outside  Heat  Transfer  Coefficient  (KW/m'^2-K) 


DELTA  T  Across  Film  (degC) 


Figure  5.17  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  1.42  mm 
(Vacuum) 
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(M-SvUi/MM) 


25  30  35  40  45  50  55  60 

DELTA  T  Across  Film  (degC) 


Figure  5.18  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Smooth  Tube  (Atmospheric) 
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Outside  Heat  Transfer  Coefficient  (KW/m'^2-K) 


DELTA  T  Across  Film  (degC) 


Figure  5 . 19  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  0.16  mm 
(Atmospheric) 
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25 


Figure 


30  35  40  45  50  55  60 

DELTA  T  Across  Rim  (degC) 


.20  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  0.28  mm 
(Atmospheric) 
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Outside  Heat  Transfer  Coefficient  (KW/m'^2-K) 


25  30  35  40  45  50  55  60 

DELTA  T  Across  Film  (degC) 


Figure  5.21  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  0.38  mm 
(Atmospheric) 
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Outside  Heat  Transfer  Coefficient  (KW/m^2-K) 


Figure  5.22  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  0.48  mm 
(Atmospheric) 
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25  30  35  40  45  50  55  60 

DELTA  T  Across  Film  (degC) 


Figure  5.23  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  0.75  mm 
(Atmospheric) 
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25 


Figure 


30  35  40  45  50  55  60 

DELTA  T  Across  Film  (degC) 


.24  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  0.95  mm 
(Atmospheric) 
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Outside  Heat  Transfer  Coefficient  (KW/m''2-K) 


25  30  35  40  45  50  55  60 

DELTA  T  Across  Film  (degC) 


Figure  5.25  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  1.26  mm 
(Atmospheric) 
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Figure  5.26  Experimentally  Determined  Values  of  the 

Outside  Heat  Transfer  Coefficient  vs.  Film 
Temperature  Difference  for  a  Stainless  Steel 
Integral -Fin  Tube  with  Fin  Height  1.42  mm 
(Atmospheric) 
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runs  due  to  the  larger  heat  flux  and  increased  condensation. 

Consolidated  curve  fits  of  the  data  are  shovm  in  Figures 
5.27  and  5.28.  For  both  vacuum  and  atmospheric  runs,  as  fin 
height  initially  increases,  the  value  of  increases.  For 
both  pressure  conditions,  the  maximum  outside  heat  transfer 
coefficient  is  obtained  at  a  fin  height  near  0.30  mm.  As  fin 
height  is  increased  past  this  optimum,  the  outside  heat 
transfer  coefficient  decreases.  For  fin  heights  in  excess  of 
0.75  mm  under  vacuum  conditions,  heat  transfer  is  actually 
less  than  that  for  a  smooth  tube.  For  atmospheric  conditions, 
for  fin  heights  up  to  1.5  mm  was  always  more  than  that  for 
a  smooth  tube. 

4.  Comparison  of  Enhancement  (£j2>)  with  Condensate 
Film  Tenqperature  Drop 

A  plot  of  enhancement  versus  fin  height,  shown  in  Figure 
5.29,  showed  a  trend  similar  to  that  observed  for  the  outside 
heat  transfer  coefficient.  At  the  optimum  fin  height  of  0.30 
mm,  the  corresponding  enhancements  are  1.4  and  1.6  for  the 
vacuum  and  atmospheric  conditions.  For  fin  heights  less  than 
0.5  mm  and  0.75  mm  for  vacuum  and  atmospheric  conditions, 
respectively,  the  overall  enhancement  is  greater  than 
indicated  by  the  increase  in  surface  area  alone.  Further 
increase  in  fin  height  yields  overall  enhancements  less  than 
the  area  enhancement . 

Referring  to  Figure  5.30a,  as  the  fin  height  is  initially 
increased,  the  combined  effects  of  additional  condensing 
surface  area  on  the  fin  flanks  and  surface  tension  induced 
condensate  thinning  in  the  interfin  region  increases  heat 
transfer.  When  fin  height  increases  beyond  the  optimum 
(Figure  5.30b),  thinning  of  the  condensate  on  the  increasing 
fin  flank  area  causes  the  condensate  wedge  to  rise  higher 
along  the  lower  fin  flank  and  to  flood  the  interfin  space. 
Due  to  a  fin  efficiency  less  than  one,  less  heat  is  conducted 
through  the  fins  resulting  in  less  condensation  on  the  fin 
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Outside  Heat  Transfer  Coefficient  (KW/m''2-K) 


12  14  16  18 

DELTA  T  Across  Film  (degC) 


Figure  5.27 


Consolidated  Curve  Fits  of  Experimentally 
Determined  Values  of  the  Outside  Heat 
Transfer  Coefficient  vs.  Film  Temperature 
Difference  for  Stainless  Steel  Integral -Fin 
Tubes  of  Various  Fin  Heights  (Vacuum) 
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Outside  Heat  Transfer  Coefficient  (KW/m^2-K) 


pigure  5.28  Consolidated.  Curve  Fits  of  Experimentally 
Determined  Values  of  the  Outside  Heat 
Transfer  Coefficient  vs.  Film  Temperature 
Difference  for  Stainless  Steel  Integral -Fin 
Tubes  of  Various  Fin  Heights  (Atmospheric) 
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Enhancement 


Fiqure  5.29  Experimentally  Determined  Values  of 

Enhancement  vs .  Fin  Height  for  Stainless 
Steel  Integral -Fin  Tubes 
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tips  and  flank.  Increased  flooding  of  the  interfin  space 
along  the  tube  circumference  due  to  increasing  fin  height  also 
causes  the  flooding  angle  to  decrease  as  shown  previously  in 
Figure  5.4.  Thus  the  enhancing  effects  of  film  thinning  is 
more  than  offset  by  the  deteriorating  effects  of  lower  fin 
conduction  and  interfin  flooding,  resulting  in  a  reduction  of 
heat  transfer.  The  decrease  in  flooding  angle  as  fin  height 
increased  could  also  be  observed  during  experimentation. 

5.  Comparison  of  Experimental  Enhamcement  with 
Predictive  Models 

Predictive  enhancements  from  the  Beatty  and  Katz  [Ref. 
17]  and  the  Briggs  and  Rose  [Ref.  28]  models  were  obtained 
from  computer  codes  written  by  NPS  research  associate.  Dr. 
Ashok  Das.  Tables  5.7  and  5.8  summarize  the  enhancements  from 
the  experimental  data  and  predictive  models.  These  are 
plotted  in  Figures  5.31  and  5.32  for  comparison. 

a.  Beatty  and  Katz 

The  Beatty  and  Katz  model  neglects  surface  tension 
and  is  based  on  gravity  drainage  and  area  enhancement  only. 
The  predicted  enhancement  curves  increase  until  a  fin  height 
is  reached  where  the  temperature  of  the  fin  tip  approaches 
saturation  steam  temperature.  Because  surface  tension  is 
neglected,  the  model  underpredicts  enhancement  by  up  to  10 
percent  for  low  fin  heights  where  surface  tension  induced 
condensate  thinning  enhances  heat  transfer.  This  relatively 
small  percentage  could  indicate  that  although  condensate 
thinning  aids  in  enhancement,  the  majority  of  the  enhancement 
is  due  to  the  increase  in  surface  area  from  finning. 

For  fin  heights  larger  than  the  experimental 
optimum,  the  Beatty  and  Katz  model  overpredicted  enhancement 
at  an  increasing  rate  because  it  does  not  account  for  the 
increased  flooding  from  drainage  from  the  fin  flanks  into  the 
interfin  space.  For  atmospheric  test  conditions,  the 
overprediction  ranges  from  16  to  61  percent  as  fin  height  is 
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Fin  Height 
(mm) 

Enhancement 
(Avg  Exp) 

Enhancement 
(B  &  K) 

Enhancement 

(Briggs/Rose) 

0.16 

1.34 

1.29 

1.20 

0.28 

1.42 

1.40 

1.09 

0.38 

1.20 

1.47 

1.02 

0.48 

1.18 

1.52 

0.96 

0.75 

1.05 

1.58 

0.84 

0.95 

0.98 

1.61 

0.86 

1.26 

0.92 

1.63 

0.87 

1.42 

0.88 

1.66 

0.88 

Table  5.7.  Experimental  and  Predicted  Values  of  Enhancement 
for  New  Stainless  Steel  Tubes  (Vacu\im) 


Fin  Height 
(mm) 

Enhancement 
(Avg  Exp) 

Enhancement 
(B  &  K) 

Enhancement 

(Briggs/Rose) 

0.16 

1.34 

1.30 

1.27 

0.28 

1.56 

1.41 

1.17 

0.38 

1.33 

1.52 

1.11 

0.48 

1.36 

1.53 

1.01 

0.75 

1.26 

1.61 

0.96 

0.95 

1.24 

1.64 

0.98 

1.26 

1.14 

1.67 

0.99 

1.42 

1.05 

1.69 

1.00 

Table  5.8.  Experimental  and  Predicted  Values  of  Enhancement 
for  New  Stainless  Steel  Tubes  (Atmospheric) 
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Enhancement 


1.6 


Beatty  &  Katz 


Figure  5.31 


Experimental  and  Predictive  Values  of 
Enhancement  vs.  Fin  Height  for  Integral  Fin 
Stainless  Steel  Tubes  (Vacuum) 


Enhancement 


Fin  Height  (mm) 


Figure  5.32 


Experimental  and  Predictive  Values 
Enhancement  vs.  Fin  Height  for  Integral  Fin 
<3hainif»sg  steel  Tubes  (Atmospheric) 
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increased  from  0.38  mm  to  1.42  mm. 

The  overprediction  is  greater  for  vacuiam  pressure 
conditions,  where  film  temperatures  are  smaller,  and 
consequently,  surface  tension  is  larger.  For  this  test 
condition,  the  Beatty  and  Katz  model  overpredicted  enhancement 
from  23  to  89  percent  as  fin  height  increased  from  0.38  mm  to 
1.42  mm. 

b.  Briggs  and  Rose 

The  Briggs  and  Rose  predictive  model  underpredicted 
enhancement  for  all  fin  heights.  For  vacuum  conditions  and 
fin  heights  greater  than  0.48  mm,  the  model  performs  very  well 
with  predicted  values  within  20  percent  of  the  experimental 
enhancements.  For  atmospheric  conditions  or  fin  heights  less 
than  0.48  mm,  the  model  underpredicted  enhancement  by  up  to  25 
percent.  For  both  pressure  conditions,  the  model  follows  the 
experimental  trend  of  the  experimental  enhancements,  however, 
no  optimum  is  ever  reached. 

Several  reasons  could  explain  the  difference  in  the 
model's  performance  at  vacuum  and  atmospheric  pressure 
conditions.  First,  while  the  vapor  velocity  is  lower  at 
atmospheric  conditions,  the  effect  of  the  vapor  shear  may  be 
more  pronounced  due  to  the  thicker  condensate  film  at 
atmospheric  conditions.  Second,  the  exit  of  the  condensate 
drops  from  the  bottom  of  the  tube  creates  an  oscillatory 
motion  of  the  free  surface  of  the  condensate  retained  between 
the  fins.  Due  to  a  higher  heat  flux  at  atmospheric 
conditions,  the  oscillation  of  the  condensate  front  is  much 
more  rapid  as  compared  to  vacuum  conditions. 

For  small  fin  heights,  the  model  is  probably 
invalid.  The  computer  generated  values  of  the  average 
flooding  fractions  of  the  interfin  space  (fg)  and  fin  flank 
iff)  in  the  unflooded  zone  were  examined  for  each  fin  height 
tested.  The  average  value  of  fg  remained  nearly  constant  for 
all  fin  heights  and  pressure  conditions  and  was  appoximately 
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80  percent.  For  both  test  pressures,  ff  increased  at  an 
increasing  rate  from  approximately  40  percent  at  a  fin  height 
of  1.42  mm  to  100  percent  (complete  blanking)  at  a  fin  height 
of  0.48  mm.  This  is  due  to  high  heat  conduction  to  the  fin 
tip  at  small  fin  heights.  The  surface  tension  induced 
pressure  gradient  draws  the  resulting  large  amount  of 
condensate  from  the  tip  to  the  root.  As  the  liquid  wedges 
rise  along  the  fin  due  to  the  volume  of  condensate,  the  flanks 
are  eventually  blanked.  The  predicted  large  increase  in 
enhancement  at  small  fin  heights  is  due  to  the  increased 
convection  from  the  thin  film  area  at  the  fin  tip.  In  the 
limiting  case  as  fin  height  approaches  zero,  the  constants 
and  ^^st  approach  zero  and  the  sum  [B^  * 

+  0.281]  must  approach  0.728.  Therefore,  the  analysis  is  not 
valid  for  such  small  fin  heights. 
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VI.  CONCLUSIONS  ANU  RECOMMENDATIONS 


A.  CONCLUSIONS 

Experimental  data  were  obtained  for  steam  condensation  on 
stainless  steel  smooth  and  integral -fin  tubes  at  both  vacuum 
and  atmospheric  conditions.  Both  Meyer's  [Ref.  2]  tubes  and 
a  new  set  of  tubes  were  tested.  The  tube  fins  had  a  thickness 
of  1.0  mm  and  were  spaced  1.5  mm  apart.  For  Meyer's  tubes, 
fin  heights  ranged  from  0.42  to  1.46  mm.  For  the  new  set  of 
tubes,  fin  heights  ranged  from  0.16  to  1.42  mm.  The  following 
conclusions  can  be  drawn: 

1.  Meyer's  experimentally  determined  enhancements  for 
stainless  steel  tubes  with  fin  heights  between  0.5  and 
1.5  mm  were  confirmed. 

2.  Increasing  fin  height  has  two  effects  on  enhancement. 
As  fin  height  is  initially  increased,  the  increase  in 
surface  area  and  thinning  of  the  condensate  film  on 
the  upper  fin  flanks  and  interfin  space  increases 
enhancement.  As  fin  height  is  increased  past  an 
optimum,  lower  conduction  through  the  fin  and 
increased  condensate  flooding  of  the  interfin  space 
decreases  enhancement.  At  some  point,  further 
increase  in  fin  height  actually  yields  heat  transfer 
performance  less  than  a  smooth  tube. 

3.  For  the  new  set  of  tubes  tested,  the  optimum  fin 
height  was  approximately  0.30  mm  with  corresponding 
enhancements  of  1.4  and  1.6  for  vacuum  and  atmospheric 
pressure  conditions  respectively. 

4 .  The  Briggs  and  Rose  model  underpredicted  the 
experimental  enhancements  for  fin  heights  greater  than 
the  optimum.  For  vacuum  conditions,  the  model 
performed  well  with  predicted  enhancements  within  20 
percent  of  experimental  values  at  fin  heights  greater 
than  the  optimum.  The  model  is  probably  invalid  for 
small  fin  heights. 

5.  Flame  heating  a  stainless  steel  tube  is  the  quickest 
and  easiest  method  to  form  an  oxide  layer  that 
promotes  film  condensation. 
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B. 


RECOMMENDATIONS 


1.  Test  low  conductivity  tubes  of  various  fin  spacings 
and  thicknesses  and  determine  optimum  values  and  the 
corresponding  enhancements . 

2.  Once  optimum  fin  geometries  are  determined,  explore 
the  commercial  fabrication  of  low  conductivity,  low 
fin  height  condenser  tubes. 

3 .  When  a  large  experimental  data  base  is  obtained  for 
condensation  on  low  conductivity  finned  tubes, 
recalculate  the  B  constants  in  the  Briggs  and  Rose 
predictive  model  and  see  if  this  improves  its 
accuracy. 


The  following  recommendations  should  improve  on  the 
operation  and  accuracy  of  the  system. 

1.  Replace  the  switchboard  mounted  voltmeter  and  ammeter 
with  ones  accurate  within  the  range  0  to  500  VAC  and 
0  to  100  amperes  AC. 

2.  Calibrate  the  apparatus  pressure  transducer  and  gage. 

3.  Recode  program  DRPALL  in  QUICK  BASIC  and  install  on 
the  Zenith  computer  system. 

4.  Modify  the  uncertainty  analysis  to  provide  a  more 
realistic  estimate  of  the  experimental  uncertainties 
in  enhancement  and  the  inside  and  outside  heat 
transfer  coefficients. 
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APPENDIX  A.  OPERATING  INSTRUCTIONS 


NOTE :  If  both  vacuum  and  atmospheric  data  runs  are  to  be 

taken  in  the  same  day,  conduct  vacuum  run  first  to  avoid  the 
delay  of  cooling  down  boiler. 

A.  START-UP 

1.  Establish  the  following  valve  line-up: 


Boiler  feed 

BLR-1 

OPEN 

Boiler  fill  and  drain 

Auxiliary  condenser  cooling  water 

BLR -2 

SHUT 

regulator  inlet 

Auxiliary  condenser  cooling  water 

ACW-1 

OPEN 

regulator  outlet 

ACW-3 

SHUT 

Condenser  pressure  gage  cut-out 

OPEN 

Head  tank  supply 

CW-1 

SHUT 

Head  tank  overflow 

CW-IA 

OPEN 

Head  tank  drain 

CW-2 

SHUT 

Cooling  water  pump  vent 

CW-3 

SHUT 

Cooling  water  pump  discharge 

CW-4 

SHUT 

Condenser  vacuum  line  cut-out 

VAC-1 

SHUT 

Accumulator  drain 

VAC -2 

SHUT 

Condenser  vacuum  breaker 

VAC -3 

SHUT 

Establish  boiler  water  level  at  6 
top  of  the  heater  elements. 

a.  If  water  level  too  high: 

inches 

above  the 

(1)  Place  boiler  fill  and  drain  hose  into 
waste  drain. 


(2)  Open  boiler  fill  and  drain  valve  BLR- 2 
and  drain  to  bilge. 

(3)  When  boiler  water  level  is  at  proper 
level,  shut  boiler  fill  and  drain  valve 
BLR- 2. 

b.  If  water  level  too  low: 

CAUTION:  DO  NOT  ADD  WATER  TO  A  HOT  BOILER.  ALLOW  BOILER  TO 

COOL  BEFORE  ADDING  WATER. 

(1)  Connect  boiler  fill  and  drain  hose  to 
distilled  water  tank  spigot. 

(2)  Open  boiler  fill  and  drain  valve  BLR- 2 
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and  gravity  fill  boiler. 


(3)  When  boiler  water  level  is  at  proper 
level,  shut  boiler  fill  and  drain  valve 
BLR- 2. 

(4)  Disconnect  fill  and  drain  hose  from 
distilled  water  tank  spigot. 

3.  Install  the  condenser  test  tube. 

NOTE;  Each  condenser  tube  has  two  smooth  ends.  The  longer 
smooth  end  is  the  inlet  section. 

a.  Remove  the  studs  from  test  condenser  inlet  in 
an  X-pattern. 

b.  Remove  the  flange  and  nylon  component. 

c.  Remove  the  previously  installed  tube. 

(1)  Remove  the  teflon  insert  and  tube 
assembly  by  gently  twisting  the  insert 
while  pulling. 

(2)  Remove  the  tube  from  the  teflon  insert  by 
twisting. 

(3)  Remove  the  HEATEX  insert  from  the  tube  by 
grasping  its  core  with  pliers  on  the 
outlet  side  of  the  tube  and  gently 
pulling  and  twisting. 

d.  Examine  the  three  small  0- rings  in  the  teflon 
insert  and  the  large  0- rings  on  the  nylon  and 
Teflon  components  for  damage  and  replace  if 
necessary. 

e.  Pull  the  petals  of  the  HEATEX  insert  slightly 
outward.  Install  the  insert  into  the  tube  so 
that  petals  fan  outward  opposite  the  direction 
of  cooling  water  flow. 

f.  Wet  the  0-rings  and  tube  ends  with  distilled 
water  to  ease  installation. 

g.  Each  condenser  tube  has  two  smooth  ends  with 
one  shorter  than  the  other.  Insert  the 
shorter  smooth  end  of  the  test  tube  into  the 
condenser  and  through  the  outlet  teflon 
insert.  Seat  by  gently  twisting  while 
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pushing . 

h.  Reinstall  the  teflon  insert,  inlet  flange 
assembly,  and  studs  and  uniformly  snug  the 
fasteners  in  an  X-pattern. 

4.  Check  the  test  condenser  integrity. 

a.  Slightly  open  head  tank  supply  valve  CW-1. 

b.  Plug  in  cooling  water  pump  #1. 

c.  Slowly  open  cooling  water  pximp  discharge  valve 
CW-4  and  adjust  to  at  least  60%  rotameter 
flow.  Check  for  system  leaks. 

d.  Shut  cooling  water  pump  discharge  valve  CW-4 
and  unplug  cooling  water  pump. 

5.  Check  auxiliary  condenser  integrity. 

a.  Open  auxiliary  condenser  cooling  water 

regulator  outlet  valve  ACW-3  and  adjust  to  at 
least  30%  rotameter  flow. 

b.  Check  auxiliary  condenser  cooling  system  for 
leaks . 

c.  Shut  auxiliary  condenser  cooling  water 

regulator  outlet  valve  ACW-3. 

6.  Energize  the  data  acquisition  unit,  computer,  CRT, 

and  quartz  thermometer  power  supplies.  Verify  that 

the  thermocouple  and  quartz  thermometer  readings 

correspond  to  ambient  temperature.  Channels  on  the 


data  acquisition  system  correspond  to  the 
following: 

Steam  thermocouple  CH  20 
Coolant  inlet  thermocouple  (T^n^  CH  21 
Coolant  outlet  thermocouple  (T^^^.)  CH  22 
Lab  temperature  thermocouple  (Tg^^)  CH  23 
Steam  thermocouple  (Tg^,.)  CH  24 
Heater  voltage  (V)  CH  61 
Heater  current  (I)  CH  62 
Pressure  transducer  (P^dcr^ 
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B.  PROCEEDING  PROM  A  COLD  BOILER  TO  VACUDM  OPERATION 

1.  Energize  boiler  heater. 

a.  Ensure  switch  3  circuit  breaker  is  closed  in 
power  panel  5  located  on  the  right-hand  wall 
of  the  hallway  to  the  machine  shop. 

b.  Ensure  power  control  knob  on  lab  switchboard 
is  turned  completely  counter-clockwise. 

c.  Close  heater  load  bank  circuit  breaker  on  left 
side  of  lab  switchboard. 

d.  Place  boiler  power  supply  switch  located  in 
front  of  lab  switchboard  to  "ON"  position. 
The  switchboard  voltmeter  reading  should  drop 
to  zero  volts.  If  voltmeter  does  not  read 
zero,  secure  power,  and  contact  lab 
technician. 

e.  Turn  power  control  knob  clockwise  until 
switchboard  voltmeter  reads  approximately  40 
volts . 

2.  Warmup  and  purge  system. 

a.  When  boiler  glass  becomes  warm  to  the  touch, 
accomplish  the  following: 

(1)  Plug  in  vacuum  pump  fan. 

(2)  Plug  in  vacuum  pump. 

(3)  When  gage  on  vacuum  pump  accumulator 
reaches  24  inches  Hg,  slowly  open 
condenser  vacuum  line  cut-out  valve  VAC- 
1. 

(4)  As  the  water  begins  to  boil  steadily,  the 

glass  piping  will  quickly  warm.  This 

will  be  indicated  by  a  rapid  rise  in  the 
CH20  and  CH24  thermocouple  (Tg^^)  voltages 
to  over  2000  mV.  Maintain  the  purge  for 
at  least  10  minutes  after  the  piping  has 
warmed  to  evacuate  air  and 

noncondensibles . 

b.  When  purge  is  completed,  shut  condenser  vacuxom 
line  cut-out  valve  VAC-1,  and  unplug  vacuum 
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pump. 


c.  After  vacuum  pump  has  been  unplugged  for  5 
minutes,  unplug  vacuum  pump  fan. 

3.  Establish  system  vacuum. 

a.  Plug  in  cooling  water  pump  and  fully  open 
discharge  valve  CW-4  to  establish  film 
condensation  on  test  tube. 

b.  Fully  open  auxiliary  condenser  cooling  water 
regulator  outlet  valve  ACW-3  to  quickly  cool 
system  and  establish  operating  vacutim. 

c.  Adjust  panel  mounted  potentiometer  to  achieve 
1.98  volts  on  CH61  (198  volts) . 

d.  As  steam  temperature  and  pressure  fall,  the 
steam  will  superheat  as  it  draws  heat  from  the 
boiler  piping.  This  is  indicated  by  an 
unfogged  sight  glass.  Allow  steam  to  saturate 
by  waiting  until  sight  glass  fogs  before 
continuing. 

4.  Prepare  system  for  operation. 

a.  Load  program  into  HP9826  computer  by  inserting 
program  disk,  typing  LOAD  "DRPALL" ,  and  then 
pressing  EXECUTE  key. 

b.  Press  RUN  key. 

c.  Type  in  barometer  reading  (in  Hg)  followed  by 
return. 

d.  Select  Take  Data  option  and  follow  the  prompts 
until  the  prompt  Enter  flowmeter  reading 
appears . 

e.  Start  second  cooling  water  pitmp  and  adjust 
discharge  valve  CW-4  to  achieve  a  80% 
rotameter  setting. 

f.  Shut  auxiliary  condenser  cooling  water 
regulator  outlet  valve  ACW-3  to  raise  system 
temperature . 

g.  When  CH20  thermocouple  (Tg^^)  voltage  reading 
approaches  1950  microvolts,  slightly  open 
auxiliary  condenser  cooling  water  regulator 
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outlet  valve  ACW-3. 


h.  Steady  state  operation  is  reached  when  CH61 
voltmeter  reads  1.978  to  1.982,  CH20 
thermocouple  reads  1964  to  1985 

microvolts,  and  CH24  thermocouple  reads 

1961  to  1982  microvolts  This  corresponds  to  a 
heater  voltage  of  198  volts  and  a  steam 
temperature  of  48.5  to  49.0®C.  Operate  system 
at  steady  state  for  at  least  15  minutes  before 
commencing  data  runs.  Finely  adjust  auxiliary 
condenser  cooling  water  regulator  valve  ACW-3 
and  potentiometer  to  maintain  saturated  steam 
temperature  and  system  power  within  limits . 
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C.  PROCEEDING  PROM  A  COLD  BOILER  TO  ATMOSPHERIC  OPERATION 


1.  Fully  open  head  tank  supply  valve  CW-1. 

2.  Energize  boiler  heater. 

a.  Ensure  switch  3  circuit  breaker  is  closed  in 
power  panel  5  located  on  the  right-hand  wall 
of  the  hallway  to  the  machine  shop. 

b.  Ensure  power  control  knob  on  lab  switchboard 
is  turned  completely  counter-clockwise. 

c.  Close  heater  load  bank  circuit  breaker  on  left 
side  of  lab  switchboard. 

d.  Place  boiler  power  supply  switch  located  in 
front  of  lab  switchboard  to  "ON"  position. 
The  switchboard  voltmeter  reading  should  drop 
to  zero  volts.  If  voltmeter  does  not  read 
zero,  secure  power,  and  contact  lab 
technician. 

e.  Turn  power  control  knob  clockwise  until 
switchboard  voltmeter  reads  approximately  40 
volts . 

3 .  Warmup  and  purge  system. 

a.  When  boiler  glass  becomes  warm  to  the  touch, 
accomplish  the  following: 

(1)  Plug  in  vacuum  pump  fan. 

(2)  Plug  in  vacuum  pump. 

(3)  When  gage  on  vacuum  pump  accumulator 
reaches  24  inches  Hg,  slowly  open 
condenser  vacuum  line  cut-out  valve  VAC- 
1. 

(4)  As  the  water  begins  to  boil  steadily,  the 
glass  piping  will  quickly  warm.  This 
will  be  indicated  by  a  rapid  rise  in  the 
CH20  and  CH24  thermocouple  (Tg^^)  voltages 
to  over  2000  mV.  Maintain  the  purge  for 
at  least  10  minutes  after  the  piping  has 
warmed  to  evacuate  air  and 
noncondensibles . 
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b.  When  purge  is  completed,  shut  condenser  vacuiom 
line  cut-out  valve  VAC-1,  and  unplug  vacuum 
pump. 

c.  After  vacuum  pump  has  been  unplugged  for  5 
minutes,  unplug  vacuum  pump  fan. 

4.  Prepare  system  for  operation. 

CAUTION:  DO  NOT  ALLOW  CONDENSER  PRESSURE  TO  EXCEED  15  PSIA. 

a.  Load  program  into  HP9826  computer  by  inserting 
program  disk,  typing  LOAD  "DRPALL" ,  and  then 
pressing  EXECUTE  key. 

b.  Press  RUN  key. 

c.  Type  in  barometer  reading  (in  Hg)  followed  by 
return. 

d.  Select  Take  Data  option  and  follow  the  prompts 
until  the  prompt  Enter  flowmeter  reading 
appears . 

e.  Slowly  increase  boiler  voltage  until  CH61 
voltmeter  reading  reaches  3.85  (385  volts). 

f.  When  CH20  thermocouple  (T^^)  approaches  3800 
microvolts,  plug  in  cooling  water  pumps  and 
adjust  discharge  valve  CW-4  to  achieve  a  80% 
rotameter  setting. 

g.  When  CH20  thermocouple  (Tg^^^.)  approaches  4000 
microvolts,  slightly  open  auxiliary  condenser 
cooling  water  regulator  outlet  valve  ACW-3. 

h.  Steady  state  operation  is  reached  when  CH61 

voltmeter  reads  3.848  to  3.852,  CH20 
thermocouple  (Tg^^)  reads  4244  to  4290 
microvolts,  and  CH24  thermocouple  (Tg^,.)  reads 
4247  to  4293  microvolts.  This  corresponds  to 
a  heater  voltage  of  385  volts  and  a  steam 
temperature  of  99.5  to  100.5  “C.  Operate 

system  at  steady  state  for  at  least  15  minutes 
before  commencing  data  runs.  Finely  adjust 
auxiliary  condenser  cooling  water  regulator 
valve  ACW-3  and  potentiometer  to  maintain 
saturated  steam  temperature  and  system  power 
within  1 imi  t s . 
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D.  PROCEEDING  FROM  VACUUM  OPERATION  TO  ATMOSPHERIC 
OPERATION 


1.  Fully  open  head  tank  supply  valve  CW-1. 

2.  Shut  cooling  water  pump  discharge  valve  CW-4. 

3.  Unplug  cooling  water  pump{s) . 

4.  Shut  aixxiliary  condenser  cooling  water  regulator 

outlet  valve  ACW-3. 

5.  Purge  system. 

a.  Plug  in  vacuum  pump  fan. 

b.  Plug  in  vacuxam  pxamp. 

c.  When  gage  on  vacuiom  piomp  accumulator  reaches 
24  inches  Hg,  slowly  open  condenser  vacuvim 
line  cut-out  valve  VAC-1.  Maintain  the  purge 
for  at  least  10  minutes  to  evacuate  air  and 
noncondensibles . 

d.  When  purge  is  completed,  shut  condenser  vacuum 
line  cut-out  valve  VAC-1,  and  unplug  vacuum 
pump. 

e.  After  vacuum  piimp  has  been  unplugged  for  5 
minutes,  unplug  vacuxim  pump  fan. 

6.  Prepare  system  for  operation. 

CAUTION;  DO  NOT  ALLOW  CONDENSER  PRESSURE  TO  EXCEED  15  PSIA. 

a.  Select  Take  Data  option  and  follow  the  prompts 
until  the  prompt  Enter  flowmeter  reading 
appears . 

b.  Slowly  increase  boiler  voltage  until  CH61 
voltmeter  reading  reaches  3.85  (385  volts). 

c.  When  CH20  thermocouple  approaches  3800 

microvolts,  plug  in  cooling  water  pumps  and 
adjust  discharge  valve  CW-4  to  achieve  a  80% 
rotameter  setting. 

d.  When  CH20  thermocouple  (Tg^^^)  approaches  4000 
microvolts,  slightly  open  auxiliary  condenser 
cooling  water  regulator  outlet  valve  ACW-3. 
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e.  Steady  state  operation  is  reached  when  CH61 
voltmeter  reads  3.848  to  3.852,  CH20 
thermocouple  reads  4244  to  4290 

microvolts,  and  CH24  thermocouple  (Tg^^)  reads 
4247  to  4293  microvolts.  This  corresponds  to 
a  heater  voltage  of  385  volts  and  a  steam 
temperature  of  99.5  to  100.5  ®C.  Operate 

system  at  steady  state  for  at  least  15  minutes 
before  commencing  data  runs.  Finely  adjust 
auxiliary  condenser  cooling  water  regulator 
valve  ACW-3  and  potentiometer  to  maintain 
saturated  steam  temperature  and  system  power 
within  limits. 
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E.  SECURING  SYSTEM 

1.  Secure  boiler  heater. 

a.  Turn  power  control  knob  fully 
counterclockwise.  Voltmeter  should  indicate 
zero . 

b.  Place  boiler  power  supply  switch  to  "OFF" 

position. 

c.  Open  heater  load  bank  circuit  breaker. 

2.  Secure  test  condenser. 

a.  Shut  cooling  water  pump  discharge  valve  CW-4. 

b.  Unplug  cooling  water  pump(s) . 

c.  Shut  head  tank  supply  valve  CW-l. 

3.  Secure  auxiliary  condenser. 

a.  Shut  auxiliary  condenser  cooling  water 

regulator  inlet  valve  ACW-1. 

b.  Shut  auxiliary  condenser  cooling  water 

regulator  outlet  valve  ACW-3. 

4.  Turn  off  quartz  thermometer,  line  printer,  and 

computer  power. 
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APPENDIX  B.  CALIBRATION  AND  THERMOPHYSICAL  PROPERTY 
CORRELATIONS 

A.  ROTAMETER 

The  Fischer  &  Porter  rotameter  (tube  model  FP-1-35-G- 
10/83)  calibration  was  accomplished  by  weighing  the  quantity 
of  water  (P\0  that  flowed  through  the  meter  in  a  prescribed 
time  period  (t)  .  The  rotameter  flow  rate  (f^)  was  varied  from 
ten  to  seventy  percent  in  five  percent  increments.  Average 
water  temperature  for  the  trial  was  21.2°C. 

The  mass  flow  rate  (m)  for  each  flow  setting  was 
calculated  from 


(B.l) 


and  the  corresponding  volumetric  flow  rate  (f^)  was  computed 


from 


(B.2) 


A  summary  of  the  raw  data  and  flow  rates  is  contained  in  Table 
B.l.  A  linear  regression  analysis  was  used  to  curve  fit  the 
data  and  obtain  the  following  linear  ec[uations 


=  (0. 029546  +  0. 014880f,) — 

L  s  J  ^  P 


T=70.1’F 


(B.3) 


f^igpm]  =  0. 21275 +0.10721f^. 


(B.4) 


ih  ^  =  (0. 01340+0. 0067493fj.) - 2 - , 

■  ^  J  Pt=21.2'C 


(B.5) 


=  0. 80527  +0.40578f,. 
min  ^ 


(B.6) 
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Flow 

(pet) 

Weight 

(Ibf) 

Time 

(s) 

Flow 

(kg/s) 

Flow 

(Ibm/s) 

Flow 

(Itr/min) 

Flow 

(gpm) 

10.0 

5.0 

28.40 

0.080 

0 . 176 

4.8 

■BB 

15.0 

10.0 

39.18 

0.116 

0.255 

7.0 

1.84 

20.0 

10.0 

30.60 

0.148 

0.327 

8.9 

2.35 

25.0 

10.0 

24.92 

0.182 

0.401 

10.9 

2.89 

30.0 

10.0 

20.96 

0.216 

0.477 

13.0 

3.44 

35.0 

10.0 

18.10 

0.251 

0.552 

15.1 

3.98 

40.0 

10.0 

15.87 

0.286 

0.630 

17.2 

4.54 

45.0 

10.0 

14 . 44 

0.314 

0.693 

18.9 

4.99 

50.0 

20.0 

26.09 

0.348 

0.767 

20.9 

5.52 

55.0 

20.0 

23.59 

0.385 

0.848 

23.1 

60.0 

20.0 

21.60 

0.420 

0.926 

25.2 

65.0 

20.0 

19.98 

0.454 

1.00 

27.3 

BBI 

70.0 

20.0 

18.71 

0.485 

1.07 

29.1 

7.70 

Table  B.l.  Rocaitieter  Calibration  Data 


A  comparison  of  these  mass  flow  rate  curves  at  20 °C  with 
the  previously  used  correlations  shows  a  difference  of  less 
than  one  percent  over  the  range  20  <  80. 

B.  DATA  ACQUISITION  VOLTMETER 

The  voltage  read  by  the  HP3497A  data  acquisition  system 
(CH61)  was  compared  to  the  voltage  measured  from  a  test 
voltmeter.  In  Chapter  III  it  was  noted  that  the  voltage  read 
on  CH61  is  1/100  of  the  actual  voltage  due  to  the  voltage 
attenuator  placed  in  the  circuit.  When  the  CH61  voltage  is 
multiplied  by  100,  its  value  lies  within  4.8  percent  of  the 
test  voltmeter  reading.  This  is  within  the  accuracy  of  the 
test  meter  and  the  attenuator.  The  data  are  shown  in  Table 
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B.2.  Note  that  the  difference  between  the  test  meter  and  CH61 
is  approximately  9.5  volts  throughout,  implying  that  the  test 
voltmeter,  data  acquisition  system,  or  both  have  a  constant 
bias  throughout  the  range  of  measurement. 


Test  Voltmeter 
(V) 

CH61 

(V  X  100) 

Difference 

(pet) 

199.8 

191 

4.4 

207.9 

198 

4.8 

229.3 

220 

4.1 

249.3 

240 

3.7 

269.3 

260 

3.5 

289.5 

280 

3.3 

309.6 

300 

3.1 

329.6 

320 

2.9 

399.8 

390 

2.5 

Table  B.2.  Voltmeter  Comparison  Data 


C.  QUARTZ  THERMOMETERS  AND  THERMOCOUPLES 


The  HP2804A  quartz  thermometer  unit  and  the 
copper /cons tan tan  thermocouples  and  their  circuit  card  were 
tested  in  a  Rosemont  fluid  bath  calibration  unit.  The  q[uart2 
thermometer  probes  were  tested  in  the  range  of  16®  to  25 ®C 
corresponding  to  the  expected  coolant  temperature  range  of  the 
experimental  apparatus .  The  data  are  presented  in  Table  B . 3 . 
Both  probes  have  a  0.013®C  offset  compared  to  the  Rosemont 
test  unit  so  the  corrected  temperatures  are 


=r, +  0.013 
+  0.013- 


(B.7) 
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Test 

Temp 

(°C) 

16.36 
18.58 
20.57 
22.32 
23.08 

24.36 
24.86 


Quartz 

Thermo 

(04147) 

(°C) 

16.35 

18.56 

20.55 

22.31 

23.06 

24.33 

24.84 


Quartz 

Thermo 

(60459) 

(°C) 

16.35 

18.56 

20.56 
22.31 
23.07 
24.33 
24.84 


Table  B.3.  Thermometer  Calibration  Data 


The  thermocouples  were  tested  in  the  ranges  of  16®  to 
25®,  48®  to  50®,  and  98®  to  102®C  corresponding  to  the 
experimental  coolant  and  steam  temperature  ranges .  These 
relatively  small  ranges  were  selected  to  give  linear  fits  of 
thermocouple  voltage  and  temperature.  Linear  fits  within 
small  ranges  provide  greater  precision  than  a  single 
polynomial  fit  between  large  extremes.  The  test  data  are 
presented  in  Table  B.4.  The  linear  equations  for  the 
temperature  (T)  in  ®C  for  given  thermocouple  voltage  (Emf)  in 
millivolts  are 


a.  16°  <  T  <  25®C 


0.41666  +25  .  OlOSEmf^ 
0.44389  +24 .9487£l77f 
0 . 56612  +24 . SAlSEmf 
0.49260  +24. 8951£lnf 


(B.8) 


b.  48®  <  T  <  50.25®C 


Tcu2o  =  2.3045+23.5630£'inf 
Tciizi  =  2.2220+23 .5630£’i77f 
Tch22  =  2.6033  +23 .3333Emf 
^CH23  =  2.6  2  61  +23 .3  3  3  3Emf 


C.  98®  <  T  <  101. 5®C 

'^CH20  =  7.3  4  0  0  +  21.7  6  4  5£’;nr 
Tch2i  =  8.1396  +21. 5278jEmf 
'^CH22  =  7 .7550 +21.57 ee^inf 
'^CH23  =  7 . 8057  +21.5900£lnf 


(B.IO) 


D.  PRESSURE  TRANSDUCER 

The  Setra  pressure  transducer  and  Heise  pressure  gage 
were  not  calibrated  because  NPS  had  no  facilities  to  calibrate 
vacuum  instriiments .  According  to  the  manufacturer,  the 
transducer  measures  pressure  relative  to  atmospheric  with  a 
zero  output  at  atmospheric,  a  5.0  VDC  output  at  14.7  psi 
vacuum,  and  a  linear  output  in  between  [Ref.  36] .  With  the 
apparatus  open  to  the  atmosphere,  the  transducer  voltage 
output  reported  on  CH64  of  the  data  acquisition  unit  was 
zeroed.  The  absolute  pressure  ^Pxdcr^  ^  function  of 

transducer  voltage  (Emf)  is  then 

=  -2-94£:m£+P,,,  (B.ll) 


where  P^dcr  psia  and  Emf  is  in  volts. 

E.  THERMODYNAMIC  PROPERTIES 

The  temperature  dependent  correlations  for  saturated 
steam  pressure  (P) ,  water  viscosity  (^)  ,  density  ip) ,  thermal 
conductivity  (k^)  ,  and  latent  heat  of  vaporization  ihfg)  were 
obtained  from  NIST  [Ref.  60]  .  The  specific  heat  of  water  (Cp) 
data  used  in  curve  fitting  were  obtained  from  Incropera  [Ref. 
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Test 

Temp 

(®C) 

Tcouple 

CH20 

(mV) 

Tcouple 

CH21 

(mV) 

Tcouple 

CH22 

(mV) 

Tcouple 

CH23 

(mV) 

16.36 

0.638 

0.639 

0.636 

0.638 

18.58 

0.726 

0.726 

0.725 

0.726 

20.57 

0.805 

0.806 

0.805 

0.806 

22.32 

0.876 

0.877 

0.876 

0.877 

23.08 

0.906 

0.907 

0.906 

0.907 

24.36 

0.957 

0.959 

0.958 

0.959 

24.86 

0.978 

0.979 

0.978 

0.979 

48.01 

1.940 

1.943 

1.946 

1.945 

48.85 

1.975 

1.979 

1.982 

1.981 

49.41 

1.999 

2.003 

2.006 

2.005 

50.25 

2.035 

2.038 

2.042 

2.041 

98.44 

4.186 

4.195 

4.203 

4.198 

99.13 

4.217 

4.226 

4.234 

4.230 

99.81 

4.249 

4.258 

4.266 

4.261 

100.48 

4.279 

4.290 

4.297 

4.293 

101.48 

4.327 

4.337 

4.345 

4.340 

Table  B.4.  Thermocouple  Calibration  Data 


3] .  The  correlations  as  a  function  of  temperature  (T)  where 
T  is  in  °C  are 


P[KPa]  =  -3.8075649£-12r®  +  3.8793438^-9r5  + 

1. 5145197^-7  +  3 .3316902£’-5r3  +  1.2624795-3r2  (B.12) 

+  4.6443261E-2r+6 . 0209213^-1 


\l[kg/m-s]  =  1.078869JS?-18r®-5.0954132£-16r’  + 

1 . 0329146^-13 r®  - 1 . 187  82235-lir®  +  8 .7367555-lOr^  (B.  13) 
-4 .512923^-8r® +  1. 8275094J?-6r2-6 . 3745948J?-5r 

+  1 . 80019^-3 
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p{kg/ m^]  =  -8.6244597£'-12r®+3.9067797£'-9r5-  (3  ^4) 

7 .6318631£’-7r^  +  8.8129446£’-5r2-9 .0737942S-3r2 
+  7 . 0640968£’-2r+999 . 81032 

k„[W/m-K:\  =  -5.1282051E-12r5  +  1.8735431S-9r4- 

2 .3712121£'-7r^  +  3.0282634£'-6r2+  (B.15) 

1. 8883438E-3  2’+0 .56103333 

hfg[J/kg]  =  -9. 6917486.5-7  +  2. 3213696.B-4r^-  (B.16) 

3 .0487402£-2r^  +  l.  0148364r2-237  0.0473r+2500519 .7 

Cp[J/kg-K\  =-4.84115115-87^  +  1.5291965-57^-  (B.17) 

1 . 84672095-3 7^ +  0 . 114506472 -3 . 4314517+4216 . 853  ' 


APPENDIX  C.  PROGRAM  DRPALL 


A.  INTRODUCTION 

The  data  acquisition  and  reduction  program  DRPALL  is 
written  in  HP  BASIC  code.  It  was  used  by  O'Keefe  [Ref.  3], 
Swenson  [Ref.  32],  Long  [Ref.  34],  Cobb  [Ref.  6],  and  Meyer 
[Ref.  2]  to  store  and  process  data  from  experiments  conducted 
on  nonins t rumen ted  tubes.  Although  functional,  it  contained 
minor  arithmetic  errors,  was  inefficient,  was  poorly 
commented,  and  so  was  completely  revised.  The  logic  was 
restructured  to  improve  efficiency.  Processing  time  was 
reduced  from  approximately  five  minutes  to  one  minute.  The 
same  data  sets  were  processed  with  both  versions  to  assure 
that  the  restructure  did  not  affect  the  results.  Liberal 
addition  of  comments  improved  program  readability. 

The  reference  for  the  temperature  dependent 
thermophysical  property  correlations  in  Meyer's  version  of 
DRPTkLL  was  not  noted.  These  were  replaced  by  the  latest 
correlations  from  NIST  [Ref.  60] .  Little  change  in 
thermophysical  properties  was  noted.  A  comparison  of  Meyer's 
correlations  for  the  saturation  pressure,  viscosity,  density, 
thermal  conductivity,  latent  heat  of  vaporization,  and 
specific  heat  of  water  with  the  NIST  correlations  showed  small 
differences  of  0.1,  1.8,  0.05,  0.8,  0.13,  and  4.0  percent 
respectively  in  the  experimental  range. 

The  original  computer  code  calculated  the  axial  fin 
effeciency  incorrectly.  From  equations  (4.14)  through  (4.17), 
the  M  component  of  efficiency  is 


M  = 


h,P 


N 


the  inside  fin  perimeter  is 


P  = 


(C.l) 


(C.2) 
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and  the  fin  cross-sectional  area  is 


A  =  . 


(C.3) 


In  Meyer's  version  of  the  code,  the  fin  perimeter  is 
calculated  as  the  sum  of  the  inside  and  outside  perimeters 

P  =  %{D^+D^)  (C.4) 

and  the  axial  fin  cross-sectional  area  is  calculated  as 


A  =  uJdI  -Dpi  -D^Dj  +dI 


(C.S) 


These  errors  were  corrected  during  program  revision. 

The  new  code  contains  options  for  data  acquisition, 
processing,  and  printing,  merging  and  copying  files,  and 
checking  the  operation  of  the  electronic  sensors.  The  most 
recent  instrument  calibration  curve  fits  from  Appendix  B  were 
included.  The  program  logic  follows  the  development  presented 
in  Chapter  IV.  Features  of  the  program  not  previously 
discussed  and  the  program  listing  follow. 

B.  CALOTLATION  OF  MASS  FRACTION  OF  NONCONDENSIBLE  GASES 

The  mass  fraction  of  noncondensible  gases  (i.e.,  air)  in 
the  apparatus  is  calculated  by  comparing  the  temperature 
dependent  saturation  steam  pressure  with  the  actual  system 
total  pressure.  The  total  mass  of  gas  in  the  apparatus  (m)  is 
equal  to  the  sum  of  the  masses  of  steam  and  air  - 

In  terms  of  the  mass  fractions  of  air  and  steam, 

-gH  =  1  -  -.gl?  (C.6) 

rn  in 

From  thermodynamics,  the  mass  fraction  is  related  to  the 
volume  fraction  (Vf)  and  molecular  weight  {MW)  by 

^stm  _  _ ^f,stnf^3tm _ 
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According  to  Dalton's  law  of  partial  pressures 


Pail  ^Pstm  P 


(C.8) 


or 


Pair  _  ^  _  PsCm 
P  P 


and  according  to  the  ideal  gas  law 


and 


Pstm 

P 


(C.9) 


(C.IO) 


(C.ll) 


Substituting  equations  (C.2) ,  (C.4) ,  (C.5),  and  (C.6)  into 

equation  (C.l)  yields  the  mass  fraction  of  noncondensibles 

^air  _  Pstnf^stm  ^  ^ 

m  ^  (p  ~Pgf:g,)  ^^aix 

where  p  is  the  total  pressure  measured  by  the  transducer,  p^tm 
is  the  saturated  steam  pressure  determined  from  the  measured 
steam  temperature,  is  equal  to  28.97,  and  is  equal 

18.016. 

While  theoretically  correct,  unrealistic  mass  fractions 
were  calculated  by  this  method  during  experimentation.  The 
mass  fraction  of  noncondensibles  ranged  from  -7  to  -10  percent 
during  vacuiim  conditions  and  0  to  -2  percent  for  atmospheric 
conditions.  Similar  discrepencies  were  observed  by  previous 
researchers  [Ref.  42] .  The  negative  readings  could  have  been 
due  to  a  bias  in  the  pressure  transducer  or  a  lack  of 
precision  in  reading  the  atmospheric  pressure  from  the  mercury 


(C.12) 
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barometer.  Due  to  the  high  density  of  mercury,  it  provides  a 
wide  range  of  pressure  measurement  when  used  in  a  barometer 
but  does  not  yield  the  precision  found  in  barometers  of  lower 
density  fluids.  Nonlinearity  in  the  pressure  transducer  could 
explain  the  difference  in  mass  fractions  observed  between 
vacuum  and  atmospheric  test  conditions .  Because  the 
transducer  pressure  is  measured  relative  to  atmospheric 
barometric  pressure,  any  test  pressure  measurements  in  this 
range  would  yield  minimal  error.  As  test  pressure  diverges 
from  atmospheric,  nonlinearity  would  increase  the  difference 
between  measured  and  actual  pressure,  and  yield  greater  error 
in  mass  fraction  calculations. 

Because  neither  the  pressure  gage  nor  the  transducer 
could  be  calibrated,  the  exact  cause  of  the  erroneous  mass 
fraction  calculations  could  not  be  determined.  All  trials  at 
the  same  pressure  condition  produced  calculated  noncondensible 
mass  fractions  in  the  same  range.  For  each  trial,  the  vacuum 
pump  was  operated  for  at  least  ten  minutes  after  boiling 
occurred  and  before  any  data  was  taken.  Whatever  the  precise 
amount  of  noncondensible  gases  in  the  system,  they  were 
assvimed  small. 

C.  CORRECTION  OF  AVERAGE  COOLANT  VELOCITY  FOR  HEATEX 
INSERT 


Average  coolant  velocity  (v^)  through  the  test  tube  is 
calculated  from  the  coolant  density  (p)  ,  tube  inside  diameter 
(D_£)  ,  and  mass  flow  (m)  obtained  from  the  rotameter 
calibration  fit  in  Appendix  B  where 


Am 

npDi 


(C.13) 


Because  the  HEATEX  insert  reduces  the  cross-sectional  area  of 
coolant  flow,  a  correction  must  be  incorporated  in  equation 
(C.8)  .  The  volume  of  water  held  by  a  tube  with  an  insert 
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installed  was  compared  to  the  volume  of  water  held  by  the  same 
tube  without  an  insert.  The  tube  with  an  insert  contained 
approximately  ten  percent  less  volume  resulting  in  a  cross- 
sectional  area  reduction  of  9.18  mm^.  The  equation  for 
corrected  coolant  velocity  is  then 

_  _ m _ 

p[(iiD|/4)  -9.18E-6)]  ’  (C.14) 

Meyer  and  previous  researchers  neglected  this  correction 
and  consequently  underestimated  the  coolant  velocity  by  about 
ten  percent.  Their  lower  velocity  yielded  a  lower  Reynolds 
number,  a  lower  inside  heat  transfer  coefficient,  and  shifted 
the  modified  Wilson  plot  to  the  right.  Shifting  the  modified 
Wilson  plot  to  the  right,  reduces  its  intercept,  and  yields  a 
falsely  higher  outside  heat  transfer  leading  coefficient. 

D.  CORRECTION  OF  HEAT  TRANSFER  AND  LMTD  FOR  VISCOUS 
HEATING 

At  higher  coolant  flow  rates  where  the  temperature  rise 
due  to  heat  transfer  is  minimum  and  that  due  to  fluid  shear  is 
maximum,  viscous  heating  can  account  for  up  to  eight  percent 
of  the  total  coolant  temperature  increase.  To  improve 
accuracy,  the  viscous  heating  effect  must  be  subtracted  from 
the  coolant  outlet  temperature  when  calculating  the  log-mean- 
temperature  difference  (IMTD)  and  the  overall  heat  transfer 
coefficient  iU^)  in  equations  (4.3)  and  (4.4). 

To  determine  the  amount  of  frictional  heating  that  occurs 
as  a  function  of  coolant  velocity,  the  coolant  temperature 
rise  was  measured  with  the  quartz  thermometers  at  various  flow 
rates  through  a  13.1  mm  I.D.  stainless  steel  tube  with  a 
HEATEX  insert  installed.  Although  the  temperature  difference 
between  the  apparatus  and  the  coolant  inlet  was  less  than 
0.08°C,  the  test  tube  was  insulated  with  a  rubber  sheet  and 
the  apparatus  was  placed  under  a  vacuum  to  minimize  any  heat 


transfer  between  the  apparatus  and  coolant.  The  data  are 
presented  in  Table  C.l.  A  curve  fit  of  the  data  yielded  the 
following  quadratic  expression  for  temperature  correction  due 
to  viscous  heating  for  a  given  coolant  velocity  (v^) 


24 .67  0  v" 


6468  v^-5. 0103 


{C.15) 


where  and  v^  are  in  the  units  of  °C  and  m/s  respectively. 
The  correlation  is  almost  identical  to  the  previously  used 
correlation.  The  correction  must  be  subtracted  from  the 
coolant  outlet  temperature  when  determining  or  LMTD  so  that 
viscous  heating  will  not  contribute  to  the  steam  to  coolant 
heat  transfer  calculations. 


E.  MODIFIED  WILSON  PLOT  ITERATION 

The  Nusselt  correlation  for  outside  heat  transfer 
coefficient  is  dependent  on  the  outside  tube  wall  temperature 

.  Because  C^,  and  are  unknown,  an  iterative 

scheme  is  incorporated  into  the  Modified  Wilson  plot 
technique.  Arbitrary  values  of  and  are  initially 
assumed.  For  the  given  value  of  C^,  an  arbitrary  value  of 
is  assumed  for  each  data  point  and  condensate  properties  for 
computing  Z  in  equation  (4.35)  are  calculated  from  the  film 
temperature  (T^)  given  by  equation  (4.30)  to  compute  from 
equation  (4.19) .  The  outside  wall  temperature  is  then  updated 
using 


(C.16) 


and  Tf,  Z,  and  are  recalculated  with  this  new  value  of 
The  process  is  repeated  until  two  consecutive  values  of 
converge  within  0 . 1  percent . 

Once  an  iteratively  determined  is  found  for  each  data 
point,  a  least -squares  linear  fit  of  all  of  the  modified 
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Flowrate 

(pet) 

Velocity 

(m/s) 

Temp  Rise 
(°C) 

90 

4.696 

0.051 

85 

4.440 

0.045 

80 

4.185 

0.040 

75 

3.930 

0.035 

70 

3.675 

0.030 

65 

3.419 

0.026 

60 

3.164 

0.022 

55 

2.909 

0.019 

50 

2.654 

0.015 

45 

2.398 

0.012 

40 

2.143 

0.009 

35 

1.888 

0.007 

30 

1.633 

0.005 

25 

1.377 

0.004 

20 

1.122 

0.002 

Tcible  C.l.  Viscous  Heating  Data 


Wilson  X-Y  data  points  is  found.  Updated  values  of  and 
are  then  determined  by  taking  the  reciprocals  of  the  slope  and 
intercept  of  this  linear  fit.  The  old  and  new  values  of 
and  Cq  are  averaged.  The  entire  iterative  process  for 
and  Cq  is  repeated  until  the  last  two  values  of  both  C_£  and 
converge  within  0.05  percent. 

F.  CALCULATION  OF  AVERAGE  STEAM  VELOCITY 

Because  average  steam  velocity  {v„)  is  not  required  when 
using  the  Nusselt  outside  correlation,  it  is  determined  for 
informational  purposes  only.  It  is  given  by 
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v„  = 


4a 


‘^^cond9  stnP-fg 


{C.17) 


where  Qin/Pstnfifg  rate  of  volumetric  production  of  steam 
and  is  the  cross-sectional  area  of  the  test 
condenser.  The  net  electrical  power  (0^^^  watts  delivered 
to  the  apparatus  is  calculated  as 

Q.  =  (C.18) 

^loss 

where  V  is  the  system  voltage  in  volts,  J?  is  a  constant  heater 
resistance  of  5.76  ohms,  and  Ojoss  analytically 
determined  heat  loss  through  the  Pyrex  piping  and  insulation. 
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100  I  DRPALL  (GEORGE  INCHECK) 

110  !  I^GDIFIED;  SEP  1S92  (G’KEEFE) 

120  I  NODIFIED^  JAN  1993  (LONS) 

130  I  MODIFIED:  'JUNE  1393  (COBB) 

140  1  COMPLETE  REUISION  JULY  1933  (NENORV) 
1-50  !  COMPLETE  REVISION  OCT  1334  (INCHECK) 
1S0  ;!  ■  '  •  - 


170! 
180  I 
19.0  ■! 
200  ! 
210  ! 
220  I 
250  ! 
240  I 
250  i 
2B0  I 
27©  •  ! 
230  I 
290  ! 
300  ! 
31©  ! 
320  I 
330  ! 
340  I 
350-  I 
3S0  \ 
370  i 
3S©  ! 


This  HP  BASIC  prograr-  ia  u^ad  to  coiiaet  and  process  data  for  stearo  con¬ 
densation  on.  finned  and  si^qoth  tubes  as  used  by  COBB,  MEYER,  and  INCHECK. 
Because  the  unfinned  ends  of  the  tubea  conduct  heat  from  the  condensing 
steam  to  the  internal  coolant,  they  are  treated  as  axial  fins  in  the 
analysis.  Ailouance  is  alsc  macla  for  both  vacuum  and  atmospheric 
condensing  conditions.  Disk  files  are  read  in  the  format  of  both 
INCHECK  and  MEYER.  A  modified  Wilson  analysis  using  Nusselt  theory  is 
used  to  find  the  outside  convection  coefficient  as  described  in  Briggs, 
Dale  E.  and  Young,  Edwin  H., "Modified  Wilson  Plot  Techniques  for 
Obtaining  Heat  Transfer  Correlations  for  Shell  and  Tube  Heat  Exchangers"  , 
CHEMICAL  ENGINEERING  PROGRESS,  92,  Vol  S5.  An  iterative  technique  is  used 
to  find  the  inside  convection  coefficient  and  is  based  on  the  theory  of 
Petukhov,  3.S.,  "Heat  Transfer  and  Friction  in  Turbulent  Pips  Flow  with 
Variable  Physical  Properties",  ADVANCES  IN  HEAT  TRANSFER,  Vol  5,  (1570), 
Data  and  curve-fit  equations  for  calculating  the  properties  of  water  and 
steam  were  obtained  from  NBS/NRC  STEAM  TABLES  (NIST)  C1SS4)  and  ASHE  STEAM 
TABLES  (1977),  Formulas  for  converting  the  raw  output  of  the  rotameter, 
t hermocQup ies , . and  quartz  thermometers  into  SI  unit  measurements  were 
obtained  during  instrument  calibration  by  INCHECK  (Jun  1394),  Thermal 
conductivities  of  the  tube  metals  were  taken  from  “Thermphys icai 
Properties  of  Matter";  TFRC  DATA  SERIES,  Voi  1. 


590  }  Dictionary  of  variables 

400  1  A  Cross-sect ional  area  of  tubs  (m'’’2>. 


410  I  Alp  -  Musselt  coefficient, 

420  !  Aip  -  Outside  heat  xfsr  leading  coefficient . 

450  !  Alpc  -  Iteratively  determined  Aip,  Compared  to  Alp  to  test  for 
440  I  convergence. 

450  \  Alpsm  “  Nusselt  coefficient  for  a  smooth  tube. 

4S0  I  Areacorr  -  Tube  inside  x-sectional  area  loss  due  to  heatex  insert 
470  I  Array  -  An  array  for  storing  It,  T2 ,  Md,  Tsteam  during  Wilson  analysis, 
480  I  Bamp  -  System  current - 
4S0  I  Spwr  -  System  power  (KW).  . 

500  I  Bvoi  r  System  voltage  (V). 

510  \  Carr  -  Absolute  error  between  Ci  and  Cic.  Used  to  test  convergence. 

520  I  Ci  -  Inside  heat  transfer  leading  coefficient. 

550  I  Cic  -  Iteratively  determined  Ci.  Compared  to  Ci  to  test  for  convergence. 
540  i  Cpcw  -  Specific  heat  of  cooling  water  (J/Kg-K). 

550  I  Cpf  -  Specific  heat  of  condensing  film  <J/kg-K). 

560  !  G1  -  Constants  in  the  function  FNPvst. 


S?G  I  C2  -  Constants  in  the  function  FNHfg, 
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580  ! 
590  I 
S00  ! 
G10  ! 
B20  ! 
630  1 
B4.0  : 
650  ! 
650  ! 
670  ! 
S80  ! 
690  ! 
700  ! 
7 !  0  ! 
720  i 
730  ! 
740  ! 
750  i 
760  ! 
770  i 
780  ! 
790  ! 
800  i 
810  ! 
82©  ! 
830  ! 
640  ! 
850  i 
8S0  ! 
870  ! 
880  ! 
890  ! 
900  ! 
910  ! 
320  ! 
930  ! 
940  1 
950  ! 
360  i 
970  ! 
930  i 
990  i 
1000! 
!010! 
1 020 ! 
1 030  i 
1040! 
1 050 ! 


C3  ~  Cons+anis  in  the  function  FNMuw. 

C4  -  Constants  in  the  function  FNRhoui. 

C5  -  Constants  in  the  function  FNKw.. 

CS  ~  Constants  for  function  FNTvsvSB. 

C7  -  Constants  for  function  FNTv5v57. 

C8  -  Constants  for  function  FNTvsvSS. 

C9  -  Constants  for  function  FNrhostn. 

G10  -  Constants  for  function  FNTcouple. 

Cl  1  -  Constants  for  function  FNTcpw. 

Dcon  ~  Inside  dianeter  of  the  test  condenser  (n;. 

Odd  -  Dur-my  variable. 

Deitdif  -  The  difference  in  readings  between  two  temperature  sensors. 

Di  -  Inside  diameter  of  tube  <m). 

Oroot  -  Root  diameter  of  finned  tuba  or  O.D.  of  smooth  tube  (mi. 

D_fii5$  -  Read/write  data  storage  file. 

Emf  -  An  array  that. stores  thermocouple  voltages. 

Eq  -  Enhancement  ratio  for  constant  heat  flux  across  the  condensate  film 
for  a  finned  tube  vs  smooth  tube. 

Et  -  Enhancement  ratio  for  constant  temperature  drop  across  the  condensate 
film  for  a  finned ’ tube  vs  smooth  tube. 

Etran- -  Condenser  pressure  transducer  voltage  reading  \mU/. 

Fel  ~  Axial  fin  efficiency  for  tube  inlet  length. 

Fe2  -  ftxial  fin  efficianoy  for  tube  outlet  length. 

Fh  -  Fin  height  (m)-,  ■ 

Fm  ~  Cooling  water  flow  measured  by  rotameter  (pet). 

Fs  -  Fin  spacing  (ri>.  ■ 

Fw  -  Fin  width  (m).  .  .4. 

Hfg  -  Latent  heat  of  vaporisation  for  saturated  water  evaluated  a. 

saturation  temperature  (J/kg).  x  .-t 

Hfgf  -  Latent  heat  of  oandenaation  for  saturated  water  evaluated  at  rilm 
temperature  plus  the  effects  of  thermal  advection  ( J/kg). 

Hi  -  Inside  heat  transfer  coefficient 

Ho  -  Outside  heat  transfer  coefficient  (W/m'^2"K5. 

Hoavg  -  Average  outside  h§at  iransfer  coefficient  (W.-'m''2-K ). 

Ifg  -  Tube  type  flag.  ■ 
ime  ~  Tube  material  flag. 

Iname  -  Experimenter  name  flag, 
lopt  -  Subroutine  option -flag,  ■ 

ipe  -  Experiment  pressure  flag.  Also  indicstga  temperature  range  >or 

selecting  the  proper  thermocouple  correlat Ions . 

J  -  Loop  counter  and  array  .subscript'. 

Kew  -  Thermal  conductivity  of  cppling  water  (W/H-K). 

Kf  -  Thermal  conductivity  of  film  (W/-m~K.!. 

Km'  -  Thermal  conductivity  of  tube  mstai 

L  -  Tube  condensing  length-  ?m')v 

Lmtd  -  Log  mean  temperature  difference  ( degK  1' - 

LI  -  Tube  inlet  end  length  irn'i. 

L2  -  Tube  outlet  end  length  ( m ) . 
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I0S0!  M  The  ”m"  conponent  oP  fin  efficiency  Cl/n),-- 
10701  Hd ,  “  Cooling  water  Mass  flaw  rate  (kg/sK 
1080!  iifng  -  Molar  fraction  of  non-condensible  gases. 

10301  Macw  ~  Viscosity  of  cooling-  water  (kg/M-s). 
l!00!  Muf  Viscosity  of  film  ^kg/Vj-s). 

1110!  Mwng  -  Holar  weight  of  aipv  . 

112©!  Mwstw  -  Molar  weight  of  staari. 

11301  New  Nusseit  function  for  outside  heat  t-rarisfor  on 'horizontai 


]i40!  Mran  ~  Number  of  data  runs. 

1150!  Ntercept  Intercept  of  the  modified  iaiispn  plot  line,  - 
1160!  Ok  -  User  option  flag, 

1170!  Omega  -  Petukhov’S  Nusselt  number. for  inside:  heat  transrsr. 

1180!  P  ~  Tube  inside  perimeter  (m). 

1130!  Patm  -  Local  atmospheric  pressure  (in  Hy ^ • 

1200!  Pgage  ~  Condenser  pressure*  from  *Q^ge  (KPai- 
T.210!  Ppkl  -  Con-stant*  K1  in  Petukhov’s  relation."  • 

1220}  ?^p-k2  -  Constant,  K2  .i.n  Petukhov  ’  s  relation*  ■  \ 

123©.!  Ppl  ~  Numerator  in  Petukhov ’s 'relet  idn  Nu=f(Re, Pr?„ 

12401  Fp2  -  Oenominator  i'n  Petukhov’s  relation  ‘Nu=f'(  Re  ,P'r ) .  ' 

'f250{  ..Prcw  ~  Prandti  Number  of  cooling  water. 

12601  Psat  T  The  saturation  pressure  of  steam  given  saturation  temperature  (KP 


12701  Pxdcr  -  Condenser  pressure  from  transducer  (K?a). 

1280!  Q  Heat  transfer  rate  to  coolant  (J/s). 

12901  Qioss  -  apprcxi-mate  heat  loss  in  the  test  apparatus  steam  piping  (W). 
1300!  Qp  Heat  flux  to  coolant  (J/m''2'-3). 

15101  Qpavg  --  Average  heat  flux  to  coolant  (J/m''2“"S>. 

1320}  R  -  Regression  coefficient - 

1330!  Rei  -  Reynolds  Number  of  cooling  water  through  a  circular  pipe, 

13401  Rhof  -  Density  of  film  (kg/m'^'3). 

1350}  Rhocw  Den.s,ity  o-f  jcoc-ling  w-ater  Ckg/m.''3)-.  — 

1350!  Rhostm  ~  Density  of  saturated  steam  (kg/m^3)- 
13701  Rm  “  «lali  thermal  resistance 

15801  Slope  -  Slope  of  the  modi-f i-ed"UiIson  plot  line* 

13901  Sse  -  Used  in  linear  regres-sion  analysis, 

(4001  Sxx  “  Used,  in  linear  regression  analysis. 

14101  Sxy  Used  in  linear  regre^sipn  analysis. 

1420!  Syy  ~  Used  in  linear  regrassiori:  analysis , 

1430!  Sumx  -  Sum  of  K, 

14401  Sumx2  -  Sum  of 

1450!  Sumxy  -  Sum  of  .K*Y. 

14501  Sumy  -  Sum  of  Y, 

1470!  Sumy 2  Sum  of  Y'^Z, 

14801  Tavg  ~  Average  cooling  water  taimperatura  (degC), 

14901  Tcor  -  Temperature  rise- of 'Gooiant  due  to  viscous  heating  of  internal 
iS©0!  flow  (degC), 

1510!  Temp  ~  Temporary  variable,  < 
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152©!  Tfiim  -  Temperaturs  of.  f’i  lM  ( tiaeP  >  • 

1530!  Tin  -  Coolant  water  inlet- t-ampenature  as  measured 
1549!  Tout  -  Coolant  water  outlet  temp  as  measured  by  t 
1550!  Trise  ""  Delta  T  of  coolant  after  suiJtrssting  vise 


ured  by  thermocouple  ( dsgC  ) . 
by  thermocouple  (degC/, 
viscous  heating  effect  ( dsgC  ) 


1578! 
1 ES8 ! 
1590! 
1888! 
1510! 
1620! 
1530! 
1540! 
1S50I 
1650! 
1678! 
1680! 
1630! 
17001 
1719! 
17201 
1730! 
1740! 
1750! 
1750! 
1778! 
1788! 
1790! 
1808! 
1810 
1820 
1330 
1840 
1-350 
1850 
1370 
1380 
1  350 
1300 
1510 
1  920 
1 

1  930 ! 
1  940! 
•950 
t960 
1970 


Troon  -  Temperature  of  laberatory  idegC), 

Tstean  “  Temperature  of  steam  -in  condenser  ( degu .' • 

Tsteam!  -  Steam  temperature  measured  by  Wri  thermocouple  ■ degC ) - 
TsteamZ  -  Steam  temperature  measured  by  NrZ-  thermocouple  \d&gu;. 

Two  -  Tube  outside  wail  temperature  IdegC!- 

Twoc  -  Iteratively  obtained  wall  temp.  Compared  to  Two  < or  convergsrxe . 
Jxf  -  Temperature  drop  across  the  condapsate  fiim  'degv).  ^ 

Txfavg  -  Average  temperaiura  drop  across  the  condensate  rilm  \degi/J. 

Ti  ~  Coolant  inlet  temparature  as  measured  by  Qtz  xhermometer  (degC). 

T2  -  Coolant  outlet  temperature  as  measures  by  qtz  thermometerC degu ) . 

Uo  -  Overall  heat  transfer-cosf ficiewt  IK/Wi. 

'v'apvel  “  Approximate  steam  vapor  yelocity  (m/s). 

Vow  -  Cooling  -water  average  velocity- (m/s  )-. 

yf  -  Cooling  water  volumetric  f-iow 

yfng  “  Volume  fraction  of  npR’^sandeFtsible  gases. 

X  -  Independent  variable  in  funct  ion  ¥=f<X.).  Used  for  curve  fitting  by 
least  squares  mbtHod. 

Xbar  -  Heart  X. 

Xi  -  Sreek  "Xi"  in  paiukhoy’s  aquatisn  ( Re  ,Pr  ) . 

y  ■■  Dependent  variable  in  .functiori' ^  -  Used  for  curve  fitting  by 

least  squares  metbpdr- 
Ybar  -  Mean  Y. 


/Ust/  CHS) 

/Hfg/  C2(5) 

/'Muw/  C3(8) 

/Rhow/  C4(S) 

/Kw/  C5(S) 

/Cc56/  CS(5> 

/Cc57/  C7<5> 

/Cc5-S/  CSC 5) 

/Rhostm/  C9(-5) 

/Tcoupie/  C!0(3) 

/Cpui/  C11<5) 

/Fid/  Iname  ,Ifg  ,Di  .Droot  ,Imc ,Km 


,Fs  ,Fh  ,Fw  ,iopi ,Nrun ,Patm ,Ipc ,Bpwr .Uapve 


Read  function  constants.  _  ^ 

DATA  -0.338758-4SE-1 3 ,0.337934385-10,0. 1 51461 97E-S ,0. 5o316902E-b 
DATA  8.i;262479E-4,0,464432SlEn3,0.S0209213E-2 
READ  C1(*) 
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2220 

2230 

2240 

2250 

22B0 

2270 

2280 

2290 

2300 

2310 

2320 

2330 

2340 

2350 

2360 

2370 

2330 

2330 

2400 

2410 

2420 

2430 

2440 

2450 


DATA  -0.9eS1748BE-9  ,0 . 232 1 3oSB5-S  ,-0 .304S7432E-4 
DATA  8. l0i483S4E-2 ,-9.2378047351 ,9 . 258051 97E4 
READ  C2(*) 

DATA  9,  i8788S9£-1 1  .-8.583541  32E-S  ,9 . 1 03291 4SE-8  ,-8.  1  iS7p24E-4 
DATA  8.373S755E-3  ,-0.4512923E-1  ,0 . 1 S275094E1 ,-0.S374594SE2 ,0. 1 880r3E4 
READ  CZi*) 

DATA  -0 .8S244597E-! 1  ,0 . 390577S7E-S  ,-0 . 7S3 1 8G31 E-6 .8 . 88 12944SE-4 
DATA  -0.30737942E-2  ,8.706489G8E-1  ,8,33S3ia32E3 
READ  C4(*>  ■  .  ' 

DATA  -0.51 2S205 1 E-8  ,9.1 373543 1  Ek5.,-8  , Zi"  1 2  i  2 1  £-3 
DATA  8.382S2534E-2  ,9. 1S833438E1  ,S.5St03335£3 
READ  C5(») 

DATA  2?3.15.2.587SE-2.-S.9S53E-7,-3.1242g^< I .1 ,327iE-14,-1 .@1S6E-18 

p  p  Qg  j 

DATA  273.15 ,2 , 5523E-2 .-7 . 3333E-7 , 2 .86255-1 1 , 1 . 97 1 7E- 1 5 ,-2 . 248SE- 1 9 
REA0C7(^)  • 

DATA  273. 15, 2. 593! E-2 ,-7 .5Z32E-7  .4 . 9657E-1 1 ,-1 .STBIE^IS .8 .4402E-20 
READ  C8<*  >  •  • 

DATA  8.8446448SE-1 1  ,. 224471 5SE-8  , . 1381 1252E-6 i 12BS4S4E-4 
DATA  .31S2289SE-3,.49353S25E-2 
READ  C9(*> 

DATA  25.SS1237,-.B1954859,.22181644E-1  ,-.d5500BE-3 

READ  G10<*)  n 

-4.84115!  1E-S,’(  .529t96£-S.-l  .  8487209E-3  , .  T 45064  .-3. 4i1 451  .42lb.8 

READ  Cl  1(*-)  ■  '  • 

PRINTER  IS  1 
Patm=30.06  !  in  Hg 

PRINT  USING  ■•‘4X/’”IF  TAKING  DATA  DR  OPERATING  SENSORS . 

PRINT  USING  “GX, “"ENTER  ATMOSPHERIC  PRESURg -^-in -Hg 
PRINT 

INPUT  Pa-Lm  ' 

Peti»>=Patm/2. 041795  !in  Kg  to  psi 

I 

!  Ssleci;  desired  program  option- 
BEEF 

PRINTER  IS  1 

PRINT  USING  "4X, “"SELECT  OPTION:"’"'  • 

PRINT  USING  "BX,“*'0  EXIT  PROGRAM . 

PRINT  USING  ''6X,'"'i  CHECK  REMOTE  SENgORio'"! 

PRINT  USING  ”GX.’'“2  TAKE  DATA"""  ' 

PRINT  USING  "SX.""3  PROCESS  DATA""" 

PRINT  USING  "SX,'"'4  PRINT  RAW  DATA'""' 

PRINT  USING  ’'SX,'"'5  MERGE/CQpY  DAT.A  RILES*' I'" 

PRINT  ^ 

INPUT  lopt 

!  If  axit  option  selected,  go  to  "EHD" . 

IF  lopt=0  THEM  SOTO  3189 
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’4S'3  i 


2473 

!  If  merge  file 

option  .selected,  -call  I 

2480 

IF  Iopt=S  THEN 

2490 

CALL  Merge 

2500 

SOTO  2320 

2510 

END  IF 

2520 

i 

2550 

1  If  sensor  check  option  selected,  ent' 

2540 

i  sensors ,  and 

display  readings  on  sen 

2550 

IF  Iopt=1  THEN 

25S0 

BEE? 

2573 

PRINT  USING 

“4X  “SELECT  APPROX  I mat; 

2580 

PRINT  USING 

“SX,'"’B  48  -  50.5  degG 

2590 

PRINT  USING 

“EXJ"!  38  -  102  degC 

2600 

PRI.NT  USING 

'‘SK’"‘'2  is  -  25  degC 

2910 

PRINT  USING 

“SX,'“‘3  Other'"'" 

2623 

INPUT  Ipc 

2S30  CALL 

2B40  PxdcP' 

2650  Tsteai 

2660  Psat=; 

2670  Bpur= 

2680  PRINT 

2SS0  PRINT 

2700  PRINT 

2710  PRINT 

2728  PRI^4T 

2738  PRINT 

stsamZ .Troon 
274-0  PRINT 


Pxdcr=Pxdcr/S .8947 

Tst ean=( Tat ean I +Ta-ieBi52 .X/2-.-0  ■ 

Psat=FNPv5t(  T. steam  )/S  .8947 
Bpur=Bvol  "'2/5 .765+3 

PRINT  USINS  ''20K  "SENSOR  GHECK"7!h  ■  , 

PRINT  ^ 

PRINT  USIN6  ''2X,''“T{  Tin  12  Tout  istn^.  Troom 

PRINT  USING  “iX,““\deQC)  ( degC  )  (  degC  >  (  degC  >  .  degC /'  \  degC  )  <  dsgC  ) 
PRINT 

PRINT  USING  "1X.4<DD.DD,2X),2(3D.DO,2)<),DD.E}D’';Tl  Jin  ,T2  .Tout  .Tsteami 


2750  PRINT  USING  "  IX "Pxdcr  Psat  Uoltags  Power"”" 

2760  PRINT  USING  ''lX.“”(psi)  (psi>  ■  JIT'  . 

2770  PRINT  „  .  -  o 

2780  PRINT  USING  “  tX  ,2( DD.DD  JX  ’  ,3D  .0  ,4X  .DQ.uD'Jpxdcr  ,Psat  ,t>voi  ,Spwr 

2790  PRINT 

2800  BEEP 

2810  PRINT  “PRESS  ’CONTINUE’  iO  CONlINUE  PROGRAM" 

2820  PRINT 

2830  PAUSE 

2840  ELSE^ 

2850  i  n,. - 

2860  !  For  other  options,  read  operator  and  tube  iden it  icat  ion  oaia.  uaij. 

2870  f  required  subroutine. 

2880  SEE? 

2830  lname=0  . 

290©  INPUT  “ENTER  STUDENT’S  NAME  (0=INCHECK-Default  .  1 =MEYER , iname 

2910  IP  Iopi=2  OR  Iname=1  THEN 

2920  BEEF 
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2930 

PRINT  USING 

‘'4K  "Select  Material  Code:""" 

2940 

PRINT  USING 

"GX,""0  COPPER  1  STAINLESS  STEEL’"'" 

2350 

PRINT  USING 

"Sx’"'‘2  ALUMINUM  3  90: 1  0  CU/NI" " " 

2960 

PRINT  USING 

"SXV"'4  TIT.ANIUM 

2970 

PRINT 

2980 

INPUT  Inc 

2390 

BEEP 

3000 

INPUT  "ENTER 

PRESSURE  CONDITION  (  8=’UACUUM  J  “ATMOSPHERIC  ) "  ,Ipc 

3010 

.  BEEP 

3020 

INPUT  "ENTER 

TUBE  INSIDE  AND  ROOT  DIAMET5R3  ,Di  ,Qroot 

O'u/O© 

Di=Di/ 1000.0 

3040 

Oroot=Droot/ 

1800.0  • 

3050 

END  IF 

• 

3060 

IF  Iapt=3  OR  Iopt=4  THEN 

3070 

Nrun=1 4 

3080 

BEEF 

.. 

3090 

INPUT  "ENTER 

NUMBER  OF  OATA  SETS  STORED  (  OEFAULT-^I  4  ) "  ,Nrun 

3100 

END  IF 

3110 

IF  I opt =2  THEN 

CALL  Takedata 

3120 

IF  Iopt=3  THEN 

CALL  Process 

3130 

IF  Iopt=4  THEN 

CALL  Raw 

3140 

END  IF 

315© 

{ 

3160 

[  Rsturn  tc  main  menu. 

3170  60T0  2320 

3180  PRINT  "HAUE  ft  MICE  DAY i ! ! " 

31 S0  PRINT 
3200  END 
3210  ! 

3220  ! 

3230  ! 

3240  DEF  FMPvsiCT) 

3250  i  This  fur4ction  takes  the  saturated  tenpersture  [degCl  of  stean  and 
3250  .!  returns  the  saturated  pressure  CKPal. 

5270  ! 

3280  COM  /Vst/  C1<6) 

3290  P=C1(@) 

330©  FOR  1=1  TO  S 
3310  P=P»T+CHI) 

3320  NEXT  I 
3330  P=P»1.E+2 

3340  RETURN  P 
3350  FNEND 
3350  i 
3370  i 
3380  ! 

3390  DEF  FNHfg(T)  ' 

3400  i  This  function  takes  saturation  temp  EdegCI  of  water  and  returns  latent 
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3410  1  heat  of  vaporization  E'Jf'Kgj* 

3420  ! 

3430  COM  /Hfg/  C2(5) 

3440  Hfg=C2(0)  ■  ' 

3450  FOR  1  =  1  TO  5  V'  ’ 

34SS  HfQ=Hfg*T-i-G2(  I  ) 

3470  WEXT.  I 
3480  Hf 9=Hfg* 1 .E+S 
3490  RETURN  Hfg 
3500  FNEND 
3510  ! 

3520  ! 

3530  ! 

3540  DEF  FNMuw(T) 

3550  !  This  function  takas  saturation 

3580  i  viscosity  Ckg/n“S-j.' 

3570  i 

3580  COM  /Muw/  C5(8) 

3590  tiu=C3(8> 

3600  FOR  1=1  TO  8 
3510  Mu=Mu*T+C3( I ) 

3620  NEXT  I 
3S30  Hu=Mu*1.E-e 
3840  RETURN  Mu 
3650  FNENO 
36S0  i 
3570  ! 

3680  I 

3630  DEF  FNCpuiT) 

3700  i  This  function  takes  saturation 
3710  !  specific  heat  tJ/kg-K). 

3720  1 

3730  COM  /Cpui/  CIICB) 

3740  Cp=ClU0) 

3750  FOR  1=1  TO  5 
3760  Cp=Cp»T+Cn  (  D 
3770  NEXT  I 
3780  RETURN  Cp 
3790  FNEND 
3800  ! 

3810  1 

3820  1 

3330  DEF  FNRhoui*.  T  ) 

3840  !  This  function  takas  water  temp 

3350  i 

38S0  COM  /Rhow/  C4(G) 

3870  80=04(0) 

3880  FOR  I=!  TO  S 
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4830  I 
4840  i 
4850  ! 

48G0  SUB  Hesding 

4870  !  This  subroutine  prints  headings  required  for  the  Tekedata,  Process,  and 

4880  !  Raw  subroutines. 

4830  !  • 

4900  COM  /Fid/  Inaws  ,IfQ  ,Bi  ,Droot  ,Inc  ,Km,Fs  ,Fh,Fi;;,lGpt  .Nrun  ,Fatm,Ipo  ,5pwr,Vapve 


4910  PRIMTER  IS  701 

4920  IF  lnama=0  THEN  PRINT  USING  " !  0K  , "  ^’Qata  taken  by: 
4930  IF  Inane'i  THEN  PRINT  USINS  t  0.i< , "  "Data  -takgr.  by: 
4940  IF  lfg=0  THEN  PRINT  USING  'M  0X  , Tupe '  rype : ■ 


INCHECK' . 

MEYER" " ” 
SMOOTH  TUBE” 


4950  IF  Ifg=i  THEN 

49S0  .PRINT  USING  "10X,"“Tutae  type; 


RECTANGULAR  FINNED  TUBE 


4970  PRINT  USING  ■’10X,"'‘Fin  spacing,  uidth  height :  ”  ”  ,DD.DD  ,2X  ,Z  .OD  ,2X  ,Z  .DD 

(nm)""”  ?Fs  ,Fw,Fh  ' .  '  < 

4980  END  IF 


4930 

IF 

lnc=0 

THEN 

PRINT 

USING 

"  1  .  “ 

"Twha 

meterial : 

COPPER" " “ 

5000 

IF 

Ii«C=1 

THEN 

PRIkiT 

USING 

”10X  ,“ 

"Tube 

material ^ 

STAINLESS-ST 

EEL"" 

» 

5910 

IF 

I(nc=2 

THEN 

PRINT 

'using 

'!  1  0X  .  " 

"Tube 

material • 

ALUMINUM . 

5020 

4t  II 

IF 

.Imc“3 

THEN 

PRINT 

USING 

■I  ]  0X  ,  " 

"Tube 

mat eriai i 

90/10  CU/NI" 

5030 

IF 

THEN 

PRINT 

USING 

" 1 0X  , " 

"Tube 

material : 

TITANIUM'””' 

5040 

IF 

Iopi>2 

THEN  PRINT  USING 

■’  1 0X  , 

“"Ther 

■mai  conduct ivity : 

,3D.D,'”' 

(W/n- 

K  )" 

“  "fKn 

5050 

FR 

It4T  USir4G  " 

1  0X  ,  “ " 

Inside 

diameter : 

,DD.DD,“’ 

'  (nm)"'”'5Di#10 

00. 

50S0  PRINT  USING  "10X,‘‘"Root  diameter;  "  “  ,DD  .00  ,  ” "  ( mm  jDrcot 

*  1 008 . 

S070  IF  lpc=0  THEN  PRINT  USING  1 0X  "Pressure  condit  ion :  .  VACUUM’”'" 

5080  IF  Ipc=l  THEN  PRINT  USING  ”  1 0X  , "''Pressure  condition:  ATMOSPHERIC" 

II  tt 

5050  IF  Iopt=2  THEN 
5100  PRINT 

5110  PRINT  USING  "9X, ""Inlet  Tamp  Steam  Xducer  Satur 

a  1 1  o  n 


5120  PRINT 

USING  ''IX,‘”'Fiou) 

Temp 

Rise 

Temp 

Volts 

Press 

Press 

5150  PRINT 

Mfng’”'" 

USING  "tX,''"(pct) 

<  degC ) 

( degC  ) 

( degC  ) 

( U ) 

(psi  ) 

<psi.>  {pct)"““ 

5140  END  IF 

5150  IF  Iopt=3  THEN 

51S0  PRINT  USING  "10X."  “System  power:  " "  ,DD  .DD , CKU) . ?Bp 

wr  ■  • 


143 


5170 

PRINT  USING 

apvei 

5130 

PRINT  USING 

5130 

PRINT  USING 

5200 

IF  Ifg=l  THI 

5210 

IF  Inams' 

5220 

PRINT 

ooth 

tube  data"”” 

5230 

ELSE 

5240 

PRINT 

jU  » wU  f 


^  ro  /  s  )  ’ 


h  tube  deta“' 


5250 

END  IF 

52S0 

' END  IF 

5270 

END  IF 

5280 

IF  Iopt=4  THEN 

5290 

PRINT 

5300 

PRINT  USING  "IIX  .""Room 

5310 

PRINT  USING  "5X,""Fiow 

Uo  i  t 

s  Current""" 

5320 

PRINT  USING  "4X  .""(pet ) 

Inlet  Outlet  Stea?*i  SfiQs  Xducer" 
rp  Temp  Temp  Tsrnp  Press  Press 

■aC)  i dsoG )  <deaC)  ( deoC )  (KPa)  <KPa) 


<  U  >  “ "  " 


5330  END  IF 
5540  PRINT 
5350  SUBEND 
53  B0  ! 

5370  i 
5380  ! 

5390  SUB  Sensordl  J2  Jin  , Tout  Jsteawl  JsteamZ  ,Troom  ,F:<dcr  .Bvci  ,eanp  ) 

5400  !  This  subroutine  reads  the  HPZ804A  quartz  thermometer,  Setra  Model  204 
5410  i  pressure  transducer ,  and  the  unit  thermocouple  voltages  and  converts 
5420  1  these  to  usable  SI  unit  measurements.  Readings  are  taken  5  times  over 

5430  1  approximately  30  seconds  and  averaged. 

5440  ! 

5450  COM  /Fid/  Iname  Jfg  ,Di  .Droot  Jmc  ,Km  ,Fs  ,Fh  ,Fw  ,Iopt  .Tsirun  ,Patm  ,Ipc  ,3pwr  .Uapve 
1  - 

J.  ,  , 

5460  DIM  Emf<4) 

5470  PRINTER  IS  1  ■ 

5480  T1=0. 

5490  T2=0. 

5500  Emf(0)=0. 

5510  Emf<1)=0. 

5520  Emf(2)=0. 

5530  Enf<3)=0.. 

5540  Emf  <  4  >=0 . 

5550  Etran=0. 

55S0  ! 

5570  !  Read  system  voltage  end  current  <*/  and  A>. 

5590  OUTPUT  709; "AR  AF61  ALS2  UR5" 
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5S90  OUTPUT  709 i" AS  SA" 

5S00  BEEP 

56(0  INPUT  "CONr'iECT  U0LTA6E  LINE”  ,0k 
5620  ENTER  709;Bvol 
5530  8vol=Bvo i ♦ 1 00 . 0 
5640  BEEP  - 

5650  INPUT  "DISCONNECT  U0LTA6E  LINE"  ,0k 
5SS8  OUTPUT  789;"A5  SA“ 

5670  ENTER  TOBjBamp 
5680  FOR  J=t  TO  5 
5630  i 

5700  !  Read  cooling  (uater  inlet /'out  let  tef/ips  froi/!  quarts  therinameters 

5710  OUTPUT  709; "AS  SA“  : 

5720  OUTPUT  713; “TtRSE" 

5730  WAIT  4 

5740  ENTER  TIBsTenp  •  .  ' 

5750  T1=T1+Tsnp 

57S8  OUTPUT  71 3; "TZRZE" 

5770  WAIT  4 

5780  ENTER  7i3;Terfip  . -  '• 

5790  T2=T2+Temp  . 

5800  .  OUTPUT  713;  “TSRZE"  •.  :  • 

5810  !  .  .  ■  .  .  , 

5820  !  Read  pressure  transducer. 

5830  OUTPUT  709;  "AR  AF54  ALS4  URS”’ 

5840  OUTPUT  703; "AS  SA" 

5850  ENTER  70S; Temp 

SSB0  Etran=Etran'rTemp  .. 

5870  !  .  ,  ,  • 

58S0  !  Read  steam,  cooling  water,  and  room  temp  thermocouple  voltages 

5890  '  •  OUTPUT  709; ”AR  AF20  AL24  UR5" 

5300  FOR  1=0  TO  4 

5910-  OUTPUT  709;  "AS  SATi 

5920  .  ENTER  709; Temp 

5930  Emf ( I  )=Enif  ( I /-i-Temp#  1  . £’•3 

5940  -  .‘NEXT.  l' 7-  -  ■  ■ 

5350  NEXT  J-  . 

5960'  '1 

5970  !  Average  voltages  and-  convert  to  51  unite. 

5380  THT1/5.0+.013 

5330  T2=T2/5.B+.013 

6000  £tr3n=Eiran/5.0 

B'010  Pxdcr=( -2 . 94*Etran+Patm  1*3-. 89475  I  psi  to  KPa 
S020  Emf(9)=ABS(Emf(0)>/5.0  ■  ■ 

6030  Emf< 1  )=ABS(Emf(  t  )  ;/5.0 
6040  Emf<2)=ABS(Emf(2)';!/5.0 

6050  Emf 1 3 5=ABS( Emf ( 3  )  )/5 . 0 
60G0  Emf(4)=ABS(Emf(4))/5.0 


<.  mU ) . 
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G079  IP  lpc=0  THEN  i  Approx  53  dsgp  ranigs 
6080  Tsteem1=2.222+(23.5S3*EMf(0) ) 

0090  T5tear')2=2  .S2S7+( 23.333S»£ffi?(  4v  ) 

Bt00  END  IF 

6110  IF  Ipc=i  THEN  Inpprox  i0'3  degC  range- 
6!29  ■  Tst earn  1  =8 . 1 39G-i‘( 2 1  . SETS^Ei’ff  t  0  ;  ) 

6130  TsteanZ^'T .  8057+(  2 1  . 53*Er'!l' (;  4  ; ) 

6140  E^4D  IF 

Gi50  IF  Ipc=2  THEN  i  Ambient  - terriper^tups 
B1S0  Tsteamt  =  .  4433S-’-( 24 .  S437*Emf  <  0  ) ) 

6170  T5team2=.432S+(24.8551*Emf<4) 5 

6180  END  IF 

6190  IF  ipo=3  THEN  iAll  other  temp  ranges 
6200  Tsteami  =-FNTcoupls(  Emf  ( 0  / ) 

6210  Tste3m2*FNTcoupl8(Emf < 4 ) > 

6220  END=  IF 

6230  Deitdif=Tsteaml-T5team2 
6240  IF  ABSiDeitdif  )>  . t  THEN 

6250  PRINT  USING  “4X  "STEAMS IDE  TCOUPLES  DIFFER  SY  •”‘.DD.Q,“"  degC""“ 

i  f 

S260  PRINT 

6270  END  IF 

5280  Tin=.S6S*i2+<24.S415*Emf(  n  )  '  ' 

6290  Tout=.416e6+(25.0108*Emff2 ) ) 

6300  Deitdif=Tout-Tin-T2+T1  • 

6310  IF  ASS( Del t di f )> . 05  THEN 

6320  PRINT  USING  ” 4X  "QUARTZ  THERMO  AND  TCOUPLE  DELTA-T  DIFFERS  BY 

degC"”"jDeltdif 
6330  PRINT 

6340  END  IF  . 

6350  Troom®FNTcouple(  Emf  ( 3 > ) 

6360  SUBEND  ■ 

6370  i 
6538  I 

6390  !  ' 

6400  3UB  Raw  ^  ^  ^ 

6418  !  This  subroutine  prints  the  raw  data  obtained  from  INCHECK  or  MEYER 

6420  !  experimentation. 

6430  f 

6440  COM  /Fid/  Iname  , If  g  ,Di  ,Droot  ,Ino  ,liiin  .Fs  ,Fh  ,Fw  , lopt  ,Nrun  .Patm  . Ipc  .Bpuir 
1 

6450  DIM  Emf(20) 

8460  BEEF 

6470  INPUT  "GIUE  THE  NAME  OF  THE  RAW  DATA  FILE" ,D_f ile$ 

6430  ASSIGN  @Fiie  TO  D_fiie$ 

6490  PRINTER  IS  701 

6500  PRINT  USING  " 1 0X  "Program  Name :  DRPALL”"" 

6510  PRINT  USING  "t8X,‘’"Rau  data  stored  on  filet-  ,  1 0A'‘ ?  D_f  i  le$ 


sOaltd 


.DD.DD 


.Uapvi 
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6520  IF  lnaP!e=©  THEf'j 
6530  ENTER  @Fi ie 5 1 f g  ,  Inc  ,  Ipc 
6540  ENTER  8Fi  iejFa  ,Fui  ,Fh 
6550  ENTER  @Fiie;Di  .Droot 
65B0  ELSE 

6570  ENTER  iFiisi Ifg ,Ddd  •• 

6590  ENTER  £=FileiDdd,Fs  ,Fu  ,Fh 

65S0  END  IF 

S600  IF  Imc=0  then  Ki'i=330.8  " 

6St8  IF  InG=l  THE^4  Km=14.3 
6620  IF  Inc^Z  THEN  K.n=2c1  .8 
SS30  IF  Ifnc=3  THEN  K!«=55.3 
SB40  IF  Inc=4  THEN  Kn=lS.3 
SS5S  CftLL  Heading 
6660  FOR  J=1  TO  Nrun 

6670  IF  Inaw5=0  THEN  _  _ 

gSS8  ENTER  @Fi  ie;Fi'i  ,TT  J2  ,Tst«sfi  ,Rgaee 

5630  ELSE  ,  -  St 

6700  ENTER  iFiiejBvoi  .Banp  .Ddd-.Fw  J1-J2  .Pgaga  .Pxacr  .tn,  <  *  )  , 

671  (S  Tsteaf*!l=FNTvsv57(Emf<0)'> 

5720  T5tsan2=FNTv5v56{EMf  <  lv'> ) 

6730  ,  Troorn=FNTvsv53( Enf  \  2  ) ) 

6740  Pgage^Pgage/i 000.0 

6750  Pxdcr=Fxdcr/V000.0 

6760  ■  •  ■  T3teapi=Tstear!l  .  .  '  ' 

6770  Bvol=Bvdl» 100.0 

6780"'  END  IF  ■ 

6730  :Pi=P9age  .  .. 

6310  PRINT^USINS  "IX  ,2(DD  .3X )  ,3( 00 -DD ,3X ) ,4(3D,D,3X ) ,0.00” ; J ,Fn , iroon.TI  ,Tx  ,!ste 
ai*!,P1  .P2,Bvoi,B'3np 


6820 

NEXT  J 

6830 

ASSISN  @File  TO  * 

5840 

SUBEND 

S850 

1 

6SG0 

1 

5870 

{ 

5880 

SUB  Takedaia 

SS90 

!  This  subroutine 

records  data  obta. 

6900 

1 

g  ,Di  ,Droot  ,I?nc  ,Km 

6910 

CQH  /Fid/  Inar^vSjIf 

i 

5920 

INPUT  “GIUE  A  NftHE 

FOR  THE  RAW  DATA 

6930 

CREATE  BOAT  B_file$.30 

6940 

ASSIGN  0Fils  TO  D_ 

file* 

5950 

PRINTER  IS  70! 

6953 

PRINT  USING  M0X.'’ 

"Frogran  Nawe". 

6970 

PRINT  USING  "10X," 

"Raw  data  stored 

ORPftLL”"” 

“ "  ,10.4”  iO_f  ile$ 
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Dccr  ...  ^ 

701®  INPUT  "ENTER  GEOMETRY  CODE  ( 0=SMOOTH  ,  1  =R£CTRWeULf‘R  FIN  a.  rg 


5388 

1 

I 

B333 

!  Read  ti 

7000 

BEEP 

7813 

INPUT  "Ei 

7323 

Fh=0. 

7330 

Fs=8. 

7048 

Fw=0. 

7050 

IF-Ifg^l 

70B0 

BEEP 

7370 

INPUT 

7380 

END  IF 

7090 

!  Write 

7370  INPUT  "ENTER  FIN  SPACING,  HEIGHT.  AND  WIDTH  ( mn  )■' ,F.5  ,Fh  ,Fw 

7380  END  IF  ^  ,  c- 

7090  !  Write  fin  geometry,  tube  matariai  ,  ancS  ppassure  condixion  to  ‘.ne  data  .i 

i  e . 

71.00  OUTPUT  §Fiie5lfg,ImQ  ,Ip3  Y-  •  '  ■ 

7113  OUTPUT  @FileiFs  ,Fui  ,Fr  .  • 

7120  OUTPUT  §File;Di  .Droot" 

7130  CALL  Heading  '  • 

71,40  !  • 

7153  1  Take  experimental  data  thru  subFOutiBS  SENSOR.  By  uaing  the  molar 

7160  !  weights  of  steam  and  air,  determine  th?  molar  fraction  of  noncondansioia 

7170  !  gases  in  the  system.  If  the  data  set  is  ecespiable,  wri  i-e  it  tw  tne 
7183  !  data  fi.le.  Repeat  until  all  data  is  recorded. 

7130  Mwstf<!=1 8.01B 
7200  Mwng=28.97 

7210  J=1 

7220  BEEP 

7230  INPUT  “ENTER  FLOWMETER  REAPING” ,Fn 
7240  IF  Fn<20.  OR  Fm>85'.  THEN'  ' 

7250  BEEP 

7260  .  PRINTER  IS  1 

7270  PRINT  "INCORRECT  FLOWMETER  READINS---REENTER'' 

7280  PRINT 

7290  GOTO  7220 

7300  END.  IF 

7310  CALL  Sensor!  T1  ,T2  , Tin  , Taut  .Tsteaml  .TsteamZ  Jroom  ,Pxacr  ,avoi  ,B.amp  / 

7320  BEEP 

7330  INPUT  "ENTER  PRESSURE  GAGE  READItNG  (psir'.pQag® 

7340  PgaQe=pQage*S.8347  . 

7350  Tstsam=( Tsteaml +Tsteam2 5/2 • 0 
7360  P5at=FNPvst<  Tsteam )  •  . 

7370  Ufng=(Pxdcr-Psat  )/P>-def 

7380  Mfng=L. /<  <  1  ./vfng-l  <  ■>’sMwstr..U''5wng+l  .  ) 

7390  Mf n9=Mf ng* ! 03 . 

7400  PRINTER  IS  701  ,  _  ,  .  n  ,  o  .4  -^o- 

7410  PRINT  USING  "2X  ,00  ,4X  ,B<  30.00  .4X ')  ,4D,D"  jFp  ,  i  i  ,T2  Ti  ,  1  steam  ,ovq1',.  xdcr/a.  s  4 

7 .P5at/B.8947 ,Mfng  '  ■ 

7420  8EEP  . . 

7438  INPUT  "OK  TO  ACCEPT  THIS  QATA  SET  {  1  =Y' ,©.tN )? “  ,0..^ 
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7440  IF  Ok  =  1  THEIvi 

745©  OUTPUT  ©File; F«i’,TI  ,|2  .Ts'taarn  ..Pgage  ,Pxd3r  ,Trooi«  ,Bvoi  .Bsjnp 
7460  PRINTER  IS  701 

7470  PRINT 

7430  BEEF 

74S0  Il'iPUT  "yiLL'  THERE  Bf  ANOTHER  DATA  RUM  1 0=YE3  J  =^4G  )? "  ,0k 

7500  ■  IF  OK=0  THEN 

7510  ' 

7520  SOTO  7223  ..  ...v- ; 

7530  ELSE  • 

7540  Nrun=J- 

7550  ■  END  IF  ■■ 

75B0  ELSE 

7570  PR INTER, IS  1 

7530  ■  PRINT  "THE  PREVIOUS  DATA  SET- NAS  DISCARDED!!'" 

7530  GOTO  7220 

7600  END  IF 

7ST0  ASSIGN  ©File  TO  ♦ 

7620  PRINTER  13  70! 

7E30  PRINT 

7640  PRINT  Mrun,"DnTA.  SETS  WERE  WRITTEN  TQ  THE  FILE” 

7B50  ,  SUBEND 
7650  ! 

7570  I 
7580  1 

7630  SUB  Process. 

7700  I  This  subroutine  processes  MEYER  cr  INCHECK  data  files  using  the  modified 
7710  I  Wilson- method.  Values  of  the  leading-  coefficients  for  the  inside  and 
7720  i  outside  heat  transfer  correlations  are  -found  using  Petukhov  and  Nusselt 
7730  I  theory  respectively.  Coolant  velocity,  heat  transfer  coefficients,  heat 
7740  !  flux,  and  temperature  drop-across  the  condensing  film  ars  printed  for 
7750  !  each  data  point.  Curve  fit  data  for  the  overall  heat  transfer 
7760  !  coefficient  vs  heat  flux  and  film  delta-T  are  printed. 

7770  !  ■ 

7780  COM  /Fid/  Iname  ,If  g  ,Di  ,Droot  ,  Imc  ,K»  .Fw  ,Iopt  ,Nrun  ,Patm.  ,Ipc  ,Bpujr  jV'apva 

i  ‘  .  V-. . 

7790  DIM  Array(27,S).Emf(20) 

7300  BEEP  '  • 

7810  INPUT  "GIVE  THE  NAME  OF  THE  EXISTING  DATA  FILE"  ,D_f i le$ 

7820  ASSIGN  ©File  TO  D_fiie$ 

7330  PRINTER  IS  701  . 

7340  PRINT  USING  "  1 0X  "Program  Name:  DRPALL"”" 

7850  PRINT  USING  "!8X,""Raw  data  stored -on  fi.U<  " "  ,  10A'‘ iD_f  ile$ 

7380  IF  lname=0  THEN 

7870  ENTER  ©File?  Ifg  jlric  ,Ipc . 

7880  ENTER  ©Fiie?F3  ,Fw,Fh  • 

7890  -  ENTER.  ©Fiis;Di  ,Droot  -i 

7500  ELSE 
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7910 
7S20 
7330 
7940 
7950 
7SB0 
7S70 
7980 
7930 
8000 
80!  0 

8029 

8030 
8040 
8050 
80S0 
8070 
8030 
8030 
8100 
8110 
8120 
8130 
8140 
3150 
81S0 
8170 
8180 
8130 
8200 
8210 
8220 
8230 
8240 
8250 
8260 
8270 
8280 
8290 
8300 
8310 
8320 
8330 
8340 
8350 
3360 
8370 
8330 


ENTER  iFiiesIfg.Ddd 
ENTER  §FiIe;Odd,Fs  ,Fw,pdd 
BEEP 

INPUT  “ENTER  FIN  HEIGHT  <PiR>",Fh 


!  Initialize  tube  geonstny  and  therfial  conduct  i  vi  ty . 

L=. 13335 

LI =.060325 

L2=. 034925 

Dcon=  1 524 

Areacorr=S . 1 82 1 4E-B 

IF  li<ic=0  THEN  Kt>'!=3S9.8 

IF  Iwc=l  THEN  Ki«=14.3 

IF  Inc=2  THEN  Kr=231 .8 

IF  Imc=3  THEN  K!V!=S5.3 

IF  Inc=4  THEN  Kin=13.9 


C  i =4- . 

IF  Inane=9  THEN 

IF  lpc=0  THEN  Aip5r>=.815 
IF  Ipc=1  THEN  Aipsm=.927- 
ELSE 

IF  lpc=0  THEN  nlp5m=.ai 
IF  Ipc=1  THEN  AlpsM=.8S 
END  IF 
Alp=2.S 

Rm=L06<Droot/Di  )/(2.0i»pi»L*Km)  • 

p=pi»Oi  , 

A=(DrQot''2-Di'’2  )*RI'^4.0 
Uoltavg=0. 

T5twava=0. 

IF  lRC=0  THEN  Qiosg^lZE, 

IF  Ipc=1  THEN  Qiosa^iP- 

!  Read  file  and  compute  necessary  values  for  Wilsun  i‘.aratiOn.  Stor., 
I  these  values  in  Array  for  iterative  processing. 


FOR  J=1  TO  Nrun 

IF  lnarne=0  THEN  , 

Ef4TER  @File;Fm  ,Tt  ,T2  jTstean  ,Ddd  ,Ddd  ,0dd  ,8voi  ,Ddu 

ELSE 

ENTER  ©File5Bvol,Dcill,Ddd,Fm,!l,i2,Ddd,Ddd,tmf(*),- 

Bvoi=Bvoi*!00. 

Tsteam=FNTvsv57(  Emf  (  0  ) 

END  IF 

Uo i t avg^Uoi t avg+Bvo i 
T3tmavg=T5tmavg+Tsieaw 

!  Calculate  the  properties  of- the  cooling  uiaier  at  its  avg  temperature. 
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8330 

8400 

8410 

8420 

3430 

3440 

8450 

34S0 

8470 

8480 

8490 

8580 

3518 

8520 

3530 

3540 

8550 


i  Based  on  these  properties,  eal'C4.a.at4'-Qi*se5*»  by  Petukhov  theory, 
•  .  Md=(  .S7S5*FmTj  .342-i2)'*-FNBhow(T-l  )/!  -E+5 
Tavg=(Ti+T2)/2.0 
Gpouj=FNCpw<'Tavg ) 

■-  Rhocu=FNRhoti.n  Tavg  ) 

Kcw=FNKw( Tavg ) 

Muciii=FNf’'luW'(  Tavg  ) 

Prc:w=FNPrw<  T avg ) 
yf=Md/Rhocw 

>,->cw=4 . 0 »U.f  /  (  P I  »D  i  '  2  -ftr eacor r  ) 

Rei=Rhoc!s)*Vcki*Di/MuGvij 

X i=(  !  . 82»LST(- Rei  )-!  .64  )'’ ( -2  ) 

Ppk 1 =1.0+3 . 4*Xi 

Ppk2= 1  1  . 7+ 1  . 8*Prcui"  (  “  1  . 0/ 3 . 0  ) 

Pp1='Xi/8.0  )*Rei*Proui 

Pp2=Ppk1+Ppk2  +  <Xi/8.0)'’ ,5*‘;Prcu^' .SSS7-!  .0) 

Opiega=Pp  1 /Pp2 


S5B0 

8570 

8580 

8530 

8600 

3610 

3B20 

S630 

8640 

Bb!20 

8SS0 

8670 

3S80 

8690 

8700 

3710 

8720 

8730 

8740 

8750 

3760 

3770 

8780 

8790 

8800 

8810 

3820 

8330 

8840 

S850 

3860 


f  •  : 

!  Calculate  the  log-r.eari-temp-di f f eranpe  after  eorracting  for  the 
!  frictional  effects  of  heating.  Than  caicplate  the  heat  flux  and 
!  overall  heat  transfer  coeff isient .  ■ 

Tcor=FMTf ric<  Vcw  )  •'  * 

Tri5e=T2-T1 -Tcor 

Lmtd=Trise./LOG(  (Tstearn-TI  ^/<  T5t5af'^i-T2t Tcor  > ) 

Q^Hd^Cpcu-J^-Ir  ise 
Qp=Q/(  PI*Droo1:*L) 

Llo=Qp/Lntd  . 

I 

!  Store  the  necessary  values  for  Wilson  iteration, 

Array(J'']  ,0)=Tsteam  »  ■ 

r^rray(  J-1  )=Kcw 
Array( J-t  ^2 >=Qp 
Array( J-i  ,3  )=Uo 
Array(J“^l  ,4  )=QmeQa 
'  Array (J~l ,5 >=Vcw 
i^rrayi  ,S)~Lmtd 
NEXT  J' 

ASSIGN  @File  TG  * 

f 

1  Calculate  the  power  and  steam  vapor  velocity.  Print  page  heedin 
Uoltev9=Vol tavg/Nrun  ' 

1 5 1  av  g=T  5 1  na  V  g  /  Mr  un 
Bpwr«Uoitavg^‘2/5.7S 
Hfg=FNHfg( Tstwavg ) 

Rhc5tR=FNRho3trj(  Tstpiavg  ) 

Vap  ve  i*4*<  Bpwr-*Qlo5S  )./  iPl  ^^-Rhos  g*Dcors'*2  ) 

Bpwr=8pur/ t .E+3 
CALL  Heading 
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987S 

8880 

8830 

8300 

8910 

8320 

8338 

8340 

8958 

8360 

SS78 

8980 

8390 

3080 

9818 

3028 

9030 

9040 

9050 

S3S0 

3070 

9088 

3098 

9100 

9110 

9128 

9130 

9140 

9150 

9180 

9178 

9130 

9130 

9200 

9218 

9220 

9230 

9240 

9250 

3260 

3270 

9280 

3290 

3300 

3310 

9328 

3330 

9340. 


i  Iterate  for  C.t  and  nip  until  they  converge  within  8.35%  of  Cic  and  ft 

BEEP 

Sufvix=0. 

3uny=0 , 

Sunx2=0. 

Su!ny2=‘8 . 

Sum><:y=0. 

FOR  J=I  TO  Mrun 

Tst5an=Array( J-1 ,0> 

Kcw=ftrray  (  J- 1  ,1  ) 

Qp=ftrrayv  J-i  ,2  > 

Uc*ftrr3y( J-1 ,3 ) 

Omega=ftrray( J- 1  ,4  )  ■ 
i 

i  Solve  for  Two  by  iteration  and  then  find  Hi. 

Two=T,s  team-5. 8 

Tf  i  Tsteam+2 , 0*Twp  )/3 . 0 

Rhof=FNRhow( Tf i Im ) 

Kf=FNKw( T  film), 

Muf=FNh1uw(  Tfilm ) 

Hf  9f=FNHf  gC  Tf  i  im  )t ,  SSij-FNGpwi  Tf  i  im  ;»<  Tsteam-Two  ) 

Neu;=(Kf '‘3*9.81  »Hfgf  »Rh!a|T2/(  fiuf  *Droot*<  Tstean-Two  ) ) )'‘  .25 
Ho=Alp*New.  :> 

Twoc=T5team-Qp/Hc 
IF  AeS(  <Tutoc-Two)/Twoc  )>;081  .-THSN 
Two=Twoc 

^  SOTO  9040  ■  ,  •  • 

END  .IF  -* 

Hi=Kow/0i*Ci*0me9a 
■  M=(Hi*P/<Km*ft)  )'\5  ‘  - 

Fe1=FNTanh(M*L1  )/(M*Ll  ) 

Fe2=FNTanh< M*L2  )/{M*L2 ) 

! 

!  Compute  the  Wilson  data  points  far  linear  regression. 

X=Droot*New«L./(  Omega*KGW#(  L-it,  1  »F#1  +l.2*Fe2  ) ) 

Y=New*( 1 .0/Uo-Rm*PI*Droot*L ) 

Sumx=Sumy+X  ... 

SuFiy=Sumy+Y 
Sumx2=Supix2+X*X 
Sumy2=Sumy2+Y*Y 
Sumxy=Sumxy!-X*Y 
NEXT .  J 
! 

!  Compute  the- slops  and  intdRcapt  of  the  Modified  Wilson  plot.  Take  th 
!  reciprocals  and  compute  ftipc  and  Cic.  Compare  with  the  last  values  o 
!  Alp  and  Ci.  If  out  of  tblenanes,  -average  the  values  and  repeat  entir 
!  analysis  with  the  revised  values. 
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9350  S:'<j<=3utnxZ~5ur'!X  ■' 2/Nrun 
9360  Sxy=Sumxy-Sumx»Surny/Nrun 
3370  Xbsr=Sunx/Mrun 

9389  Ybar=3uny/Nrun 

9390  Slope=SKy/Sx:-< 

9490  Ntercept=Vbar-5iope»Abar 
3410  C.ic=1  .0/Siope 
5423  AipG=1 .9/Ntercept 
943©  Cerr=AB3(  s  Cic-Ci  )/C.ic  ) 

9440  Aerr=ABS( 'I  Aipc-Alp  )/ Aipc  ) 

9450  Ci  =  <Ci+C.ic)/2.0 
94S0  Aip=( Alp+Aipc )/2 . 0 

9479  IF  Cerr>.9005  OR  Aerr>.8905  THEN  SOTO  8899 

^  '  ' 

S490  !  final  valaaa  of  Ci  and  Mp  ar.  found  cowuta  the  rasna.sion 

950B  i  ooatfioiant  of  tho  Kodifiad  Uil»on  Plo*;  PS""  anhancanent.  to, 
9510  i  constant  heat  flux  and  constant  temperature  crop  acrosa  u  .-a  .  i 
3529  !  Print  the  results. 

9530  Syy=Sur.y2-Nrun*Ybar''2 
9540  S5e=Syy-Slope*Sxy 
955©  R=( 1 .0-S5e/Syy 

95B0  PRINTER  IS  701  .  7  3D"-R 

9570  PRINT  U3IN6  *' 1 0X  , "  “Wi  ison  Plot  regression  pos.  fx^ien.  ^  . 

9580  PRINT  USING  “10X,“'‘Ci  (based  on  pstukhov'-Rspov ;  -  ^ 

9590  PRINT  USING  “10X, ""Alpha  (based  on  Nusaelt)  =-•-  ^ 

9880  IF  If 9^1  then 


Et=Alp/Alp3m 
Eq=Et''(  4.8/3.0  > 
PRINT  USING  "10X 
PRINT  USING  "10X 


"Enhancement  (constant  heat  flux) 
"Enhancement  (constant  temp  drop/ 


.30" ;£q 
.30" ;Et 


9S50  END  IF 
9860  PRINT 


t  Determine  and  print  the  final  values,  af  neat 

!  data  point.  Determine  the  power  PeUtionship  between  neet  t.UA  a.  .. 

!  and  print.  ’  '  .  ,  .  . . 

oDTUT  itCTMS  "24X . “ “Ovarai  1  .Outside  insice 

Heat  Xfer 


9710  PRINT  USING  "24X,“'‘0varail  .Outside  ^  u-.+  XPer 

9720  PRINT  USING  "  1 4X  “Coolant  Hea4  XfeF  Heat  ,-<.e.  H  = 

5 1  » »• «  '  -..-4.  x 

3730  PRINT  USING  ” 13X  ."“Ueiocity  Co^ff iCiant  Coef tioxent  uoe.TiCien 


9730  PRINT  USING  ” s 
Ts-Tuiall  Temp""" 
9740  PRINT  USING  "2X 
Qp  Txf""" 

3750  PRINT. USING  “4X 
U/m'''2)  (degC)'"'" 

9760  PRINT 
9778  TKfavg=0.  . 
9780  Ho3vg=0. 


'  4  ( degC  > 


(,m/s)  (N/m''2-K 


( W,.'  m''2“K 


(U/m'’2-K  ) 
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GpavQ=0i 

FOR  J  =  ‘i  TO  Nrun 

Tsteam^'Arrayv  J-^  1  ,0  ) 

Kcw”Array( J-t  J  ) 

Qp~Array( J-1  ,2  > 

Uo-Array  (  J-  i-  ,3  ) 

OroeQa"Array<J-’l  ,4). 

Vcw=Arrsy (  1  ,5) 

Lni d-Ar r ay( J-] ,S  ) 

H=(  Hi*P/(  Km*A  )  )'*  .S 
Fel=FNTarih(M^Ll  >  * 

Fe2=FNT3nh(M*U  )/(f^F^L2  ) 

Hq='!  .0/(  1  .•3/Uo-DFQ<3t*L/^ Di»(L+Ll  »Fei+L2fi'e2  ;*Hi  )-Rm*L»PI »0root ; 

T  A  f  ~Qp/hio 

PRINT  USING  "SX  ,DD  ,3X  .OD;D0  ,3X  ,2.0D  ,2X  ,4(Ne.3DE  ,2X  )  ,1X ,00.00“ 5 J 
,Ho  , Hi  , Op Jxf 

Txfavg=Txfavg+Txf  ■ 

Ho3vg=Hoavg+Ho 

Qp3vg=Qpavg+Qp 


.»>td  .Uc 


3930 
1000® 
i  001 0 
5  0023 
1 0030 
10040 
100S0 
10360 
10070 
10080 
10030 
>0100 
10110 
101 20 
13130 
10140 
1.0150 
1 0160 
10173 
10180 
1 01  90 
10200 
10210 
10220 
10230 
10240 
10250 


Txfavg=Txfav9./Nrun 

Hoavg=Hoavg./Nrun 

Qpava=QpavQ/Nrun  -  . 

PRINT  USING  "ZX  ,  ”  "f^vg" "  ,29X  .MD.SQE  ,  1  4X  ,M0 ,3DE  ,3X  ,DD.uD  ;hoavQ,Qpavg 
SUBEND 


,Txfavg 


SUB  Merge  ,  .  j  e  ■  i  .... 

!  This  subroutine  uiiii  werge  tuo  data  files  into  a  new  uata  file  o, 

I  one  file  to  another. 

DIM  Array(27,8)  •  . 

INPUT  “TYPE  OF  DPERhTION?.  t’@*Mer'se  ,  1  “Copy  V  U  i  He 
IF  lfile*0  THEN  ....  .  _  . 

INPUT  .‘‘SIUE  THE  NAME  OF' THE  FIRST  FILE"  ,D_f  i le$ 

ELSE  , . , 

INPUT  "GIUE  THE  NAME  OF  THE  FILE  TO  BE  COPIED"  ,D_,r.vie$ 

END  IF 

ASSIGN  ®File  TO  D_file$ 

INPUT  "ENTER  THE  NUMBER  OF  DATA  POINTS"  .Nruhl 
ENTER  ©File?  Ifg,I.mc,Ipc 
ENTER  @Fi  ie ! Fs  ,Fui  ,Fh 
ENTER  @F lies Di ,arsst  ■  ■ 

FOR  .1=1  TO  Nrun! 

ENTER  ®Fiie;Fn.T1  ,T2  .Tst-sam  ,R9age  ,Pxdcr  .Troom  ,Bvoi  .Bamp 

Array?  J~1  ,0)=Fm 
Array?  J”*!  /(  )“T1 


154 


10260 
10270 
10230 
10290 
10300 
10310 
1 0320 
10330  N 
10340  A 
1 0350  I 
10330 
10370 
10380 
10330 
10400 
10410 
10420 
10430 
10440 
1 0450 
18460 
10470 
10480 
104S0 
1 0500 
10510 
10520 
10530 
10540 
10558 
10560 
10570 
10580 
10590 
10B00 
10610 
10G20 
10530 
10S40 
10650 
10BG0 
18670 
10S88 
1 0690 
1 0708 
10718 
10720 
1  0730 


Arrsyi J~1 ,2  )-T2 
Arrayv  J-1  ,3  )=Tstear". 

Array( J-1  ,4 >=Pg5ge 
Array  iJ“1  ,5)=Pxc!cr 
nrray(  J-1  ,S  )=7rooi»i 
A.rray(  J-1  ,7  )=Bvoi  '• 

Array1J~1  ,3)=8aiap 
NEXT  J 

ASSIGN  @Fiie  TO  » 

IF  Ifiis=8  THEN  ^  ,,  j-t!  c 

INPUT  "SIUE  THE  NAME  OF  iHt  ifcCiJnC  unTn  .  x-- 

ASFI6N  ©File  TO  D_file® 

INPUT  "ENTER  THE  NUrlBER  OF  DATA  POiNTb  ,Nruri 

Nrun=Nruri+Nrun1  -t 

ENTER  0Fi la  5  Odd  .Odd, Odd  ■■ 

ENTER  @Fiie;Ddd,Ddd,Ddd 
ENTER  @Fi le ;Ddd ,Ddd 


file® 


’"^^ENTEP.'^SFi  iaiFn  Jt  ,T2  Jst.eaw  .Pxdcr  Jroom  ,Bvoi  ,Bamp 

Array!  J  ,8  )=Pf^  :  ‘  - 

Array! J 5 1  ^“T1 

Array! J  ,2  )=T2 
Array! J  ,3  ^“Tsfcsan 

Array! J  ,4)=P9aQe 
Array! J ,5 )=Pxdcr 
ArrayC  J  ,6  )=Trooi’i 
Array! J  ,7  )*Bvol 
Array!  -1,8  )=B3Pip 
NEXT  J 

ASSIGN  ©File  TO  ♦ 

Nrun=NrtJin+1 
END  IF 

m«E  OF  THE  HERGEB  OftTf,  FILE"  ,D_flle« 

“6iyE  THE  NAME  OF  THE  NEB  DATA  FH-E"  .D_file® 
Nrun=Nrun1 
END  IF 

CREATE  BOAT  D_file*,30 
ASSIGN  ©File  TO  D_fiie® 

OUTPUT  @Ftle;Ifg, Inc, Ipc 

OUTPUT  iFilasFs  ,Fw,Fh 
OUTPUT  tFiieiDi  .Droot 

FOR  J=1  TO  Nrun 
Fm=Array! J-1 ,0 > 

T1  =Array( J-1  ,11 
T2*Array!  J- 1  ,2 > 

Tstean=Array<J~1 ,c) 
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10740 
1 0750 
10760 
10770 
10780 
1  0790 
10800 
10810 
1 0820 
10830 
10840 
1 0850 
108S0 
1 0S70 
1 0880 
10890 
10900 
10910 
10920 
1 0930 
1 0940 
10350 
10960 
10970 
1 0980 
10990 
11000 
11010 
1  102© 
11030 
1 1040 
1  1 050 
1 '!  060 
1 1070 
11080 
11090 
11100 
1 1110 


Pgage=ftrray<J"1  ,4) 

Pxdcr^Array ( J“1  ,5) 

Troon^Array ^ J- 1  ,6) 

BvQl=Ar'ray(  J-1  ,7  ) 

Bar'ip=?1rray  (  J“  1  ,8  .'  ^  „ 

OUTPUT  ©Fi  le  .T1  ..T2  Jstsai’t  ,Pgag«  ,P>i!icr  Jroom  ,dvoi  .camp 

NEXT  J 

ASSISN  ©File  TO  * 

SUBEND 


Cl- and  returns  density  [kg/M''31, 


DEF  FNRhostmiT) 

!  This  function  takas  stean  tanp  ideg 
! 

COM  /Rhostn/  C9<5) 

Ro=C3(0> 

FOR  1=1  TO  5 

Ro=Ro*T+C9( I  ) 

NEXT  I  . 

RETURN  Ro 
FNEND 

!  .  , 

I 


DEF  .FNTcDuple( E  )  »  LmUl  and  returns  temperature 

I  ThU  function  tokes  l-orreUtlon  fro-  3e=k.ith,  T, 

I  IdegCl  using  d  gundriu  .y  l^Hard  '  .t.H,  BECHflNICfiL  MEftSUREMENTS .  (Sth 

i  S.,  Msrangoni,  n.D.,  end  i.iennara ,  .  . n- . 

!  ed),  Addison-Wesley:  Reading,  Ma ,  .993,  p.  684. 

! 

COM  /Tcouple/  C10'3) 

T=0. 

FOR  1=1  TO  4 

t=TrC10<  1-1  )*£''! 

NEXT  I 
RETURN  T 
FNEND 
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APPENDIX  D.  RAW  AND  PROCESSED  DATA 

Raw  data  was  coir^iled  for  20  experimental  trials  for  each 
of  two  pressure  conditions.  Raw  and  processed  data  from 
accepted  data  trials  follow. 
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Program  Nane: 

Raw  data  stored  on  file: 
Data  taken  by; 

Tube  type: 

Tube  material: 

Thermal  conduct i vi ty : 
Inside  diameter: 

Root  diameter: 

Pressure  condit ion: 


DRPi^LL 
SSMTUS 
INCHECK 
SnOOTH  TUBE 
STAiNLES5-5T£EL 
14,5  (W/m-K) 
13,21  <  mn ) 
14,10  ( mm ) 
UACUUM 


Room 

Inlet 

Out  let 

Steam 

Sage 

Xducer 

F  i  cu 

Temp 

T  s.mp 

Temp 

Temp 

Press 

Press 

Volts 

Current 

( pet ) 

( degC ) 

(  dsgC ) 

( degC  .i 

( degC ) 

( KPa  ) 

\  KPa  ) 

(0) 

1 

80 

19.63 

17.46 

18.03 

43.7 

11.0 

10. S 

1SS.0 

!  .04 

2 

70 

IS. 65 

1 7 . 55 

18. -IS 

48.7 

,11.0 

11.0 

197.3 

1  ,03 

3 

S0 

19. SS 

17.62 

18.32 

48.6 

11.0 

10.9 

198.2 

i  .03 

4 

50 

19.65 

17.46 

13.27 

4S,7 

1 1  .0 

11.0 

197.9 

1  .03 

5 

40 

13.67 

17.49 

18.43 

48 , 6 

11.0 

10.9 

197.9 

1  .04 

6 

30 

19. SS 

17.57 

18.74 

48.  S 

1  i  .0 

1  1.0 

137.5 

1  .03 

7 

20 

19.67 

17.59 

19.13 

43.7 

1 1 .0 

11.0 

138.0 

t  .04 

Q 

O 

20 

19.68 

17.59 

19.13 

48.7 

11.0 

10.3 

198.0 

1  .03 

.a-  ■ 

30 

19.69 

17.54 

,  18.71 

48 . 6 

10.9 

10.9 

.1  98 . 0 

...  1 , 04  •  . 

10 

•  40 

.19.71 

17.35 

18-.  30 

.48,7 

1 1 .0 

,11.1 

,137...9. 

1.04  . 

1  !, 

50-  . 

1,9.68 

17.29 

..  ■1S..'09 

4.8 . 6 

,11.0 

i  ti  t-i 

198.5, 

■T.02 

12 

B0' 

19.71 

17.31 

.  18,01 

48.7 

1 1 .0 

rj  1 

198.0 

.  .1  .04  ' 

13  ■ 

70  .  •: 

1.9.68 

. 17.4?  . 

1S.,03 

48.6 

10,3 

..■■1 1\.0 

.198.,4' 

....  I-. 02.  , 

14 

S0  .. 

19.72 

.17.49 

.■l-.8.,0.6 

48.8 

11.0 

1  t...l 

197 .5- 

■  I  .02 
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Program  Hame- 

DRP.ALL 

Raw  data  stored  on  file: 

SSMTU3 

Data  taken  by: 

INCHECK 

Tube  type: 

SHQOTH 

TUBE 

Tubs  material 

: 

Sift  I  ML, E 

r>\  ^  f 

1  kttiL 

Thermal  condu 

ct  iv’i  ty : 

14..  3  { 

W/n-K) 

Inside  diameter: 

.  13.21 

( mm  ) 

Root  diameter: 

14.10 

( mm  ) 

Pressure  condition: 

UACUUM 

System  power: 

S .  8 1 

(KW) 

Steen- veiocit 

y  • 

^  nr 

( n  /  s  ) 

This  analysis 

inciudes  end'-fin  effect 

HEnTEX  insert 

installed 

in  tube' 

Wilson  Plot  r 

egression  c 

oefficient  =* 

^.998 

Oi  (based  on 

Petukhov-^Popov )  * 

2.803 

Alpha  (based 

on  Nu5  5a.lt  ) 

0.S23 

Overall 

Outside 

Inside 

Coolant 

Heat  Xf^r 

Heat  Xfer 

Heat  Xfer 

Heat 

Velocity  Coefficient 

f icient 

Soef f icient 

Flux 

Ts-Tuiali 

Dst  s 

Li^TD  Uw 

Uo  • 

H<3  r 

Hi  ■ 

Qp 

Txf 

t 

( degC )  (m/'s) 

( W/n"'2-'K  > 

';W/wi'2-K ) 

(W/m''2-K  ) 

( U/in''2  ) 

( degC  > 

1 

51.02  4.11 

6.707E+03 

i .eB1E+04 

4 » 5*^  4E’^04 

2.0S0E+05 

19. 2S 

2 

30.84  3.S-1 

S .  754Eh*@3 

i  .izsEi-aNii 

3.8SSE+04 

2.083E+05 

18.47 

3 

30.65  3.11 

S.S17E+03 

1 . 10SE+04 

3 .437E+04 

1 . 937E+05 

18.07 

4 

30.33  2.61 

6.373E+33 

1 . 12SE+04 

2.953Et04 

i  .  9B4E+05 

17.45 

5 

30.63  2.11 

5 . 1 07E+03 

1 . ; 2BE+04 

2 .475Ei-04 

1 .870E+05 

IB. 6! 

6 

30.43  1 .61 

5.858E+03 

1 .17GE+04 

1 .97SE-i-04 

! .7S3E+05 

15. 15 

7 

30.23  1.10 

5.333E+03 

1 ,215E+04 

1 .450E+04 

i  .517E+05 

13.3! 

S 

30.23  1.10 

5 . 355E+03 

1 .224E+04 

1 . 450E+04 

1 .B22E+05 

13.25 

5 

30.48  1.61 

5, 842E+03 

1 . 170E+04 

1 .575E+04 

!  .7S1E+05 

15.22 

10 

30.84  2.11 

e. 127E+03 

1 . 134E+04 

2. 4.7 1 E+ 04 

1  ,890E+05 

IB. 67 

r  1 

30.32  2.61 

G.365E+03 

! . 1 23E+04 

2 . 5'53E+04 

1 .9685+05 

17.53 

12 

31.10  3.11 

S  .  S2 1  E’t-OZ* 

1 . 1 06E+04 

3.424E+04 

2.02SE+05 

18.50 

1 3 

30.82  ,3.61 

B.561E+03 

1.075E+04 

3.392E+04 

2.022E+05 

18.31 

U 

31.02  4.11 

B . 733E+03 

1 .087E+04 

4 . 34BE+04 

2.089E+05 

19.21 

Avg 

1 , 134Ef04 

1  .S14E+05 

16.95 
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Prograp!  Name : 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Tube  naterial: 

T  hsrma 1  conduc  t i v i t  y : 
Inside  dieneter: 

Root  diameter: 

Pressure  condition: 


DRPRLL 
5SMTV4 
INCHECK 
SMOOTH  TUBE 
STAINLESSt'STEEL 
14.3  (W/m-K) 
13.21  ( mm  > 
14.10  ( mm )  . 
UaCUUM 


Room 

Inlet 

Out  let 

Steam 

Sage 

Xducer 

F:iouj 

T  emp 

Temp 

Temp 

Temp 

Press 

Press 

volts 

Current 

(pci  ) 

<  degC ) 

<  degC  ) 

( degC  > 

( degC  ) 

<KPa) 

(KPa) 

(0) 

j . 

80 

19.76 

17.66 

18.22 

48 . 7 

•  -10.3 

11.0 

-  198.1 

i  .04 

2 

70 

19.74 

17.72 

18.33 

48.7 

10.9 

1  !  .0 

138.1 

1  .04 

3 

S0 

15.78 

17.31 

18.50 

43.5 

10,9 

!  1  .0 

198.0 

1  .34 

4. 

50 

19.79 

17.61 

18.40 

48.7 

19.5 

1  1  .0 

197.3 

1  .04 

B 

40 

19.80 

17. S3 

18.61 

48.6 

10.3 

n  .0 

197.9 

I  .04 

r> 

D 

30 

■  19.83 

17.71 

IS. SB 

48.7 

1  1  .0 

1  1  .0 

198.0 

1  .04 

7 

20 

19.81 

17.80 

13.33 

48.7 

1  1  .0 

11.0 

188.1 

1  .04 

8 

20 

13.80 

17.79 

19.32 

43.7 

10.9 

1  1  .0 

198.0 

1  .03 

9 

30 

19.81 

17.58 

18.73 

43.5 

10.9 

10 . 3 

137.9 

1  . 04 

10 

40 

19.81 

17.49 

18.44 

48.  S 

i  1 .0 

11  .0 

198.0 

1  .04 

1  1 

50 

•  19.83 

17.4S 

t  b . 

48.6 

11.0 

1 1  .0 

1  38 . 1 

1.04. 

12  • 

S0 

19. S2 

17.44 

13.14 

48.7 

1  1  .0 

1 1.0 

193.0 

1  .04 

13 

70 

19.82 

17.58 

13,20 

48.7 

1  1  .0 

1  1  .0 

tS8.2 

1  .04 

14 

S0 

19.86 

17.53 

18.15 

48.6 

1 1 .0 

11,0 

198.0 

1  .04 
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(>j  r  j  <sj  OJ  CO  -j  cn  rn  4^  t>i  M 


Data 

# 


14 

Avq 


Progran  Marne: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Tube  fMaterlai: 

Thermal  conductivity: 

Inaide  diameter: 

Root  diameter: 

Fre3sura  condition: 

System  power: 

Steam  velocity: 

This  analysis  includes  end' 
HEATEX  insert  installed  in 


ORPriLL 
S3MT\;4 
INCHEGK 
SfiOOTH  TUBE 
STAIMLESS-STEEL 
14,5  C  14/m-K  ) 
13.21  imm) 
14,10  ( mm ) 
v/nCUUH 
G,31  <Ki*i) 

'  1.37  ( m/s  ) 
fin.,  effect 
tuba 


Wilson  Plot  regression  coefficient  •■=  0.997 
Gi  < based  on  Petukhov-Popov ?  ~  2-S5? 
Alpha  (based  on  Nusseit  )  •  *  ^  0.808 


Overall  Outisids  Inside'- 


Coolant 

Heat  Xfer 

■Hesi  Xfer 

Heat  Xfer 

Heat 

Ueiocity 

Coefficient 

Coef  f icient 

Coef f icient 

Flux 

Ts-lwail 

LMTD 

Vu 

Uo 

Ho 

Hi 

Qp 

Txf 

<  dsgC ) 

<  m/s  ) 

(W/m'‘2-K  1 

) 

( U/m"2-K ) 

( U'/m"2  ) 

( degU ) 

30.73 

4. 1  1 

B . 754E+03 

1 . 08.76404 

.  4 . 437E+04 

2.0796+05 

19. 13 

30 . 86 

3.S  1 

S.479E+03 

1  .047E+4J4 

3.977E+04 

1 .3876+05 

18.98 

30,4.0 

3.11 

S.51SE+03 

1 .0986+04 

3.510E+04 

1 , 98 1 E+05 

18.05 

30.  S8 

2. Si 

6.2B1E+03 

1  .081 6+04 

3.020E+84 

1 . 9206+05 

17.75 

30. 4S 

2.11 

6 , 038E+03 

1 .  n  2E+04 

2,528E+04 

1 .8586+05 

16.71 

30,41 

1  .61 

5,785E+03 

1 . 133E+04 

2. 0166+04 

I . 7536+05 

15.52 

30.13 

1.10 

5.345E+03 

1 , 1 96E+04 

1  .4816+04 

1 .6106+05 

13.45 

30.14 

1.10 

5.33SE+03 

1 . 1 936+04 

1  .4816+04 

1.6096+05 

13.49 

30.35 

■  1  .61 

5.7S6E+03 

1 . 1  39E+34 

2.0136+04 

1 .7S3E+05 

15.45 

30.67 

2.1  1 

S . 1 55E+03 

1 , 1 

2,5226+04 

1 ,851 £+05 

IB. 65 

30.74 

2. SI 

6 . 33SE'i’03 

1 . 1 0BE+04 

3.0156+04 

1  .949E+05 

17.63 

30.30 

3.1  1 

6.455E+03 

1 ,08^6+0.4 

3 . 4956+04 

! . 394E+05 

18.44 

30.82 

3.61 

6.552E+03 

t .065E+04 

3.371,6+04 

2.01 9E+05 

13.93 

30 . 75 

4.11 

6 . S89E+03  . 

1 .0706+04 

4 . 434,6+04 

2.057E+05 

19.22 

1 , 1 10E+04 

1  .831 E+05 

17.13 

i 
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Proaram 

Name : 

DRPALL 

Raw  data 

stored 

on  file 

:  SlSOI 

Data  tak 

en  by: 

INCHECK 

Tuba  typ 

e  * 

RECTANGULAR  FINNED 

TUBE 

Fin  spac 

ing,  width  y  hei 

ght:  1.50  1.S0  0.ie'( 

mm  > 

Tubs  r^at 

sriai : 

STA-INLESS-STEEL 

Therna  I 

conduct  i 

V  i  t  y : 

14.3  ( W/m~K  > 

Inside  dianeter^ 

15.20  (mm) 

Root  diameter: 

i4.2S  (mm) 

Pressure 

condit ion: 

UACUUM 

Room 

Inlet 

Outlet 

Steam  Saga  Xducer 

Flow 

Temp 

Temp 

Temp 

Tamp  .“^ress  Press 

Uoits 

Current 

(pet  ) 

( degC  )  ‘ 

( degC ) 

( degG ) 

(  degG )  ( KPa  )  ( KPa ) 

( U ) 

1 

80 

19.70 

17.08 

17.73 

48.5  10.7  10.3 

188.1 

1  .04 

o 

£m 

70 

19.71 

17.17 

171 30 

48.7  11.0  t 1 . ! 

198,  1 

1  .04 

3 

S0 

19.72 

17,28 

18.07 

48.7  n.0  11.0 

197.3 

1  .04 

4 

50 

19.75 

17.12 

18.04 

48. S  11.0  11.0 

137.9 

1  .03 

5 

40 

19.75 

17.13 

18.20 

48.5  11.0  ,10.3 

197.9 

1,03 

G 

30  . 

19.73 

17.20 

18.51 

48.6  n  .0  .  •  n  .0 

1 37 . 9 

1  .03 

7 

20- 

19.73  • 

17.26 

18.97 

48. S  10.9  •  11.0 

197.3 

1.03: 

8 

20'.; 

19.74 . 

17.24 

18.95 

48.6  10.9  11 -.0 

198.4 

1,03. 

9 

30 

19.73 

.,17.07 

18,39 

48.7  11.0,,  11.0 

197.9 

1.04 

10 

40 

19.74 

'is. 97 

, 18,0G 

48.7  11.0  ,11.0 

138.2 

.1 .03  . 

!  1 

50 

18.75 

.18.95 

17.88 

48.7  11.0  11.0 

197.8 

1.03 

12 

:  60 

19.73 

'.  1 S .  94 

17.76 

48.7  11.0  11.0 

197.3 

1  . 03 

13 

70 

19.73 

'17.12  , 

17.84 

48.7  11.0  11.0 

198.0  • 

,1.03 

14 

80 

■19.73 

17.14 

17,80 

48,7  11.0  11.0 

138.0 

1  .133 
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Program  Name :  DRP.^LL 

Raw  data,  stored  on  fiiei 

Data  taken  by"  INCH^CK 

Tube  typs^  P\£CTr!NSULPiR  rI»NNED  TUBE 

Fin  spacing,  width,  height;  !  .50  1.0©  0,1S  (mm) 

Tube  material ;  STAINLESS-^STEEL 

Thermal  conduct ivi t y ;  14.3 

Inside  diameter:  13.20  (mm) 

Root  diameter:  •  -14.25  (mm) 

Pressure  condition:  UACUUM 


System  power 

. S.8I 

(KW) 

Steam  veioci 

ty: 

•  •  i .97 

(  m  /  5  ) 

This  analysi 

5  incluriae 

end- fin  affao 

t 

HEATEX  insar 

t  installed 

in  tube 

Enhancements 

based  on  comparison  to 

Incheek  smooth  tube  dst 

a 

Wilson  Plot 

regression 

coefficient  = 

@.998 

Ci  (based  on 

Petukhov-^P 

bpov )  == 

2,714 

Alpha  (based 

on  Nuss^it  )• 

1  .088 

Enhancement 

(constant  heat  flux)  = 

1  .4S9 

Enhancement 

(constant  temp  drop) 

1  ,335 

Overall 

Outside 

inside 

Caoiant 

Heat  Xfer 

Heat  Xfer 

Heat  Xfer 

Hea.t- 

Ueioci ty 

Coefficient 

Cpef f ioient 

Gcef f icient 

Fiux 

Ts-Twali 

Uat  a 

LMTD  Uw 

Uo 

?  ■  H©  .  • 

Hi 

■  Qp 

Txf 

■# 

< degC )  (m/s) 

( W./m''2-|<  ) 

•<W/n'-2-K  > 

■  <;w/f<)''2) 

<  dagC  > 

1 

31.15  4.12 

7.843E+03 

1 ,490E+04 

4. 1BBE+04 

2.381E+05 

15.SS 

7 

31.19  3,B2 

7.62BEt93 

1 , 550E+04 

3. 7G3E'r04 

2.378E+05 

15.34 

3 

31.02  3.12 

7.46SE+03 

1 .574E+04 

3 . 32 1 b+04 

2.31SE+05 

14.71 

4 

30.39  2.B1 

7.239E+03 

1 .599E+04 

2.S59E+04 

2.243E+05 

14.03 

S 

30.87  2.11 

G.831E+03 

1 .S75E+04’ 

2.332E+04 

2. 109E+05 

13.39 

e 

30.72  l.Ei 

6.41 7E+03 

1 .S22E+04 

1 .909E+04 

( .B7ZE+05 

12.16 

7 

30. S2  1.11 

5.&32E+03 

1 .750E+04 

1  .482E'i'04 

1 .730E+0S 

10.17 

8 

30.53  1.11 

5.S30E-i-03 

1  .743EH-04 

1 .401E+04 

1 . 7S0E+05 

10.18 

3 

30.93  1.B1 

6.439E+03 

1 .S38E+04 

1  .908E-I-04 

1 . 9S2E+05 

12. IS 

!0 

31.15  2.11 

6.g09E+03 

1 .61SE+04 

2.387E+04 

2.152E+05 

13.25 

’  1 

31.30  2 . B 1 

7,17lE+03 

1 .5S8E+04 

2.854E+04 

2.245E+05 

14.32 

12 

31.31  3.12 

7.490E+03 

1 .583E+04 

3.308E+04 

2 . 345E+05 

14.77 

13 

31.20  3.62 

7.541E+03 

1 .51BE+04 

3 . 7S0E+04 

2 .353E+05 

15.52 

14 

31.23  4.12 

7.7BGE+05 

! .537E+04 

.4. 199E+04 

2.425E+05 

15.78 

ftvg 

1 .598E+04 

2 . 1 75E+0S 

13.70 

r^T  K)  *»:i*  LD  to  CO  cn  csi  ^  r-j 


ProQran  Mane: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height 
Tube  material : 

Thermal  conduct ivi ty : 
Inside  diameter: 

Root  d lane ter: 

Pressure  condition: 

Room  Inlet  Outlet 

Flow  Temp  Temp  Temp 

(pet)  .(  degC  )  (degC)  (  degC  ) 


80 

i3. 

.7b 

17. 

.29 

17. 

.94 

70 

■  IS, 

.75 

17 

35 

18. 

.03 

80 

19, 

.7? 

17, 

44 

IS. 

;24 

50 

19, 

.78 

17 

2S 

18, 

,20 

40 

19. 

.77 

17, 

29 

18. 

,36 

30 

•  19, 

.79 

17, 

34 

18, 

.55 

20 

IS, 

.77 

17, 

42 

13. 

.13 

20 

19, 

.79 

17, 

40 

IS, 

.11 

30 

19. 

.77 

17, 

25 

18, 

.54 

40 

IS. 

.78 

17, 

1  1 

18, 

.19 

50 

tg. 

.78 

17, 

08 

18, 

,01 

S0 

19, 

.79 

17, 

06 

17, 

.98 

70 

19, 

.79 

17. 

22 

17, 

.94 

80 

19. 

,79 

17, 

22 

17, 

.88 

DRPALL 

S1SU2 

IMCHECK 

RECTi^NSULAR  FINNED  TUBE 
i  .50  K00  0  Jo  (mm) 

stainless-steel 

1 4-3  ( U/n-K  ) 

13.20  (m)  ' 

,14-25  ( m ) 

VACUUM 


Steen 

6age 

Xducer 

Temp 

Press 

Press  - 

yoiis 

Current 

degC ) 

(KPa) 

( KPa } 

( y ) 

48. ?• 

■11.0 

10.3 

197.9 

1  .03 

49-5 

10.3 

10.9 

197.3 

1  .02 

48.7 

10.7 

1 1  .0 

137.5 

1  .03 

43.6 

11.0 

1 1  .0 

138.1 

1  .03 

4,3 . 6 

10.9 

1 1  .0 

137,9 

1  .03 

43.3 

1  1  .0 

10.3 

138.0 

1  .03 

43.7 

1 1 .0 

1 1 .0 

197.9 

i  .03 

48 . 6 

10.9 

10.8 

137.9 

1  .03 

48.7 

10.3 

1.0,8 

198.0 

1  .03 

48.7 

11.0 

10.8 

138.0 

1.03' 

48.7 

10.9 

10.8 

198.1 

1.03 

43,7 

10.9 

10.8 

197.8 

1  .03 

48 . 6 

10.9 

10.7 

197,8 

1  .03 

48.7 

10.9 

10,8 

198.1 

1  .03, 
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Prograp^  Nane  •  DRPALL 

Raw  data  stored  on  file:  31Sv^2 

Data  taken  byJ  IMCHECU 

Tube  type:  ;  '  RECTANGULAR  FINNED  TLISE 

Fin  spacing,  width,  height:  1.S3  t.03  i3,-IS  (tnM; 

Tube  material:  •  STAI^4LE3£^5TEEL 


Thernai  cond 

uc  t i V i t  y  : 

•  t  *»■  »  ^ 

W/?inK  ) 

Inside  diame 

ter : 

13.23 

( wm  ) 

Root  diameter: 

14.25 

( Mm ) 

Pressure  condition: 

VnCU'JH 

System  power 

: 

6.30 

<KU1 

Steam  veiocl 

ty: 

1.37 

( m/a  ) 

This  anaiysi 

5  includes 

end-fin  effec 

t 

HEATEX  inser 

t  installed 

in  tube 

- 

Enhancements 

based  on  comparison  to 

Inchsck  smoc 

th  tube  dat 

a 

Wilson  Plot 

regress  i-on 

coefficient  “ 

0.998 

Ci  (based  on 

Fetukhov-P 

opov  >  = 

3.694 

•Alpha  (based 

on  Nusselt 

)  = 

1  ,888 

Enhancement 

(constant  h 

eat  flux)  = 

1.471 

Enhancement 

(constant  temp  drop)  = 

1.33S 

Overall 

Outside 

Inside 

Coolant 

Heat  Xfer 

Heat  Xfer 

Heat  Xfer 

.  Heat 

Velocity 

Coefficient 

Coefficient 

Coefficient 

■  Flux 

Ts-Twa 

Data 

LNTD  Uw 

Uo 

Ho 

Hi  ’ '  " 

Qp 

-  Txf 

t 

( degC  >  ( m/s ) 

^W/n'Z-K  > 

<W/i*!'‘2-K  ) 

(W/m'-2-K  ) 

(W/m'‘2  ) 

( degC 

1 

31. 0S  4.12 

7.745E+03 

1  .S32E+'04 

4 . ! 75E+04 

2.406E+05 

15.70 

2 

30.80  5,S2 

7 . B0SE+03 

1 .545E+04 

3.743E+04 

2.343E+05 

15;1B 

3 

30. S8  3.12 

7.422E+03 

1 .S59E+04 

3 . 303E+04 

2.292E+0S 

14.70 

4 

30.89  2-61 

7 . 245E+03 

1 .S07E+04 

2.844E-i-04 

2.238E+05 

13.33 

5 

30.82  2.11 

6.802E-t-03 

1 .5B6E+04 

2.373E+04 

2.037E+05 

(  «  0  w 

S 

30.77  1.61 

6.431E+03 

1  .S39E+04 

1 ,898E+04 

1  . 979E+05 

12.07 

7 

50.44  1.11 

5.842E+03 

1 .771E+04 

! .394E+04 

1 .778E+0S 

10.04 

8 

30.36  1 . n 

5.836E+03 

1 .7BSE+04 

1 . 394Et34 

1  .772E+05 

10.03 

8 

30. S5  I.Bl 

8 . 3S5E+03 

I .617Et04 

1  .895E-i-04 

1 .S73E+05 

12.20 

10 

31.09  2.11 

S . 854E+03 

1  .59eE+34 

Z.373E+04 

2. 131E+05 

13.35 

t  1 

31.16  2 . S 1 

7. 185E+03 

1  ,5S5E-!-04 

2.837E+04 

2.242E+05 

14,14 

!2 

31.25  3.12 

7.463E+03 

1.581 E+04 

3.288E+04 

2.332ET05 

14.75 

i3 

51.04  3 . S  2 

7,EiSE+03 

1-.5S0E+04 

3.737E+04 

2 .3S4E+05 

15.25 

14 

31.19  4.12  . 

7.746E+-03 

1  .533E-i-©4 

4. 171 E+04 

2.41SE+05 

15.76 

Avg 

1 .B03E+04 

2.1S9E+05 

13.61 
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Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by‘- 
Tubs  type: 

Fin  spacing,  width,  height: 
Tube  material: 

Thermal  c onduc t i v i t y : 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


Room 

Inisi 

Outlet 

Flow 

Temp 

Temp 

Temp 

(pci  ) 

( degC ) 

( degC ) 

( degC  ) 

1 

80 

20.02 

17.24 

17.93 

7 

70 

IS. 97 

17.33 

18.14 

3 

00 

20.01 

17.52 

■  8.33 

4 

50 

20.03 

17.41 

18.34 

5 

40 

20.05 

17.44 

18.54 

S 

30 

20.04 

17. 55- 

13.90 

7 

20 

20.02 

17.69 

13.41 

s. 

20 

29.02 

17.70  • 

19.42 

Q 

30 

20.03 

17,53 

18.87 

10 

40 

20.04 

17. 46  . 

18.57 

1  1 

50 

20 . 03 

17.45 

18.39 

12 

S0 

20.05 

17.47 

18.23 

13 

,  70 

20.05 

.17.61 

■  .18.35 

U 

80 

20.04 

17.65 

18.52 

DRPALL 

S28U1 

INCHECK 

RECTANSULAR  FINNED  TUBE 
1 .50  i -38  0.28' (nm) 

STAINLESS-STEEL 
14-3  (W/m-K) 

13.15  ( mm  ) 

■|4,23  (mm) 

VACUUH 


Steam 

Cage 

Xducer 

Temp 

Pres  s 

Press 

Ooits 

Current 

degC ) 

(KPa  ) 

(KPa)  ■' 

(y ) 

43.9 

1  1  .0 

11.2 

138.1 

1 .03 

■48.7 

10.3 

11.1 

198.1 

1  , 04 

48.6 

11.0 

1  1  .0 

198.1 

1.03 

48.8 

1  1  .0 

11.1 

133.0 

1  .03 

48.7 

1  1  .0 

1 1  .1 

198.0 

1.04 

48  -  S 

1  1  .0 

1 1 .0 

198.0 

1  .04 

48,7 

1  1 .0 

11.1 

198.1 

1  .03 

48.7 

11.0 

1  1  .0 

193.0 

■  i:04 

48.7 

1  I  .0 

11.0 

198,1 

1.04 

48.7 

1 1  .0 

n .  1 

197.3 

1.03 

48.6 

'11.0 

1 1  .0 

138.0 

1.03 

48.6 

1 1  .0 

1 1 .0 

198.1 

1 .03 

48. S 

1  1 .0 

1 1 .0 

197.9 

1.03 

48.7 

11.0 

11.1 

137.3 

1.03 
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Program  Mams! 

DRPftLL 

Raw  data  stored  on  -file: 

S28V1 

Data  taken  by: 

IHCHECU 

Tube  type! 

REC-TPMSULAR  FINMED  i^JBE 

Fin  spacing,  width,  heigfrt! 

1.50  1,08  e.2S  (mm) 

Tube  materiai: 

3T,3INLESS-STE£L.  ' 

Thermal  conduct  1 vity ; 

14.3  (W/m-K) 

Inside  diameter! 

13.15  (mm)- 

Root  diameter! 

14.23  (mm) 

Pressure  condition! 

yp.CUUM 

System  power! 

8.8!  ••  K  W  1 

Steam  velocity: 

1 .57  (m/3  ) 

This  analysis  includes  end- 

■fin  effect 

MEPiTEX  Insert  installed  in 

tube 

Enhancements  based  on  comparison  to  Incheck  smocth  tube 

Wiloon  Plot  regression  coefficisfit  =5=  3.SS3 
Ci  (based  on  Petukhov—Popov  )  ^  2. P'71 

j^ipha  (based  on  Nusselt)  t 

Enhancement  (constant  heat  fijjx)  s  t.BZiS 

Enhancement  (constant  temp  drop  1  =  i.4?P 


Overall 

Outside 

Inside 

Coolant 

Heat  Xfer 

Heat  Xfer 

Heat  Xfer 

Velocity 

Coefficient 

Coefficient 

Coefficient 

Data 

LniD 

‘w 

Uo 

■  Ha  ' 

-  Hi 

t 

( degC  ) 

( m/s  ) 

(W/m'‘2-K  ) 

■  (]i//mC2rK> 

(W/m-)2-K) 

1 

3!  .38 

4.15 

8 . 038E-t03 

{ .6355+214 

4.1675+04 

2 

38.06 

3.65 

7.05SE+83 

!  .15,45+04 

3.7485+04 

3 

30  .SB 

3.14 

7.S20Ete3 

!  ,68-3E+Q4 

3.3815+84 

4 

30.83 

2.63 

7 .  ,dG0t+0o 

1  .7005+04 

2 ;344E+04 

5 

30 .74 

2,13 

7 . 8S2E+03 

1  .759E-t04 

2.37SE+04 

B 

30.39 

1  .62 

,  S,B42E+e3 

i .8225+04 

i  . 3885+04 

7 

30.16 

1  .  n 

5.948E+03 

i  .915E+0.4 

1  ,3965+04 

9 

30.18 

1.11 

5. OG0E+83 

1.9275+04 

t  .3975+04 

S 

30.48 

1  .62 

S.B35E+03 

1  S  i  8E+04 

!  ,899E-;04 

10 

30.65 

2.13 

7.  128E+83 

1 ,7805+04 

2 . 3385+84 

f  1 

38.7! 

2. S3 

7 . 450E't  03 

1  .743Et‘34 

■2.94S':+04 

!2 

30.75 

3.14 

7,E74E+03 

i  .?t86t04 

3. 2 035+04 

1 3 

30.6? 

3. 65 

7.878ET03 

!  ,B9q£t8-1 

3,7435-104 

1  4 

30.72 

4.15 

7.987E+03 

1 .G60Et04 

4.1875+84 

.^vg 

1 .7805+04 

Heat 
•  Flux 

Qp 

(W/m'Z  ) 

2,522E+05 
2.4B3S+0E 
2.337E+05 
2.27eE-:-05 
2.177E+05 
2.0i3E+05 
1 .794E+05 
!  .734E+05 
2.023E+0S 
2.1  S7ti’05 

2.2a8E+0S 

2.3S0E+05 
2.4 13E+05 
2.454E+0S 
2.222E+@5 


Ts-Tuai i 
Tx  f 

( dagC  > 

1 4 . 37 
U.21 
13.88 
13.39 
12.33 
1  i  .08 
5.37 
9.31 
11.13 
12.24 
13.09 
13.30 
14  .28 
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Prograi*!  Nams:  DRPftLL 

Raw  data  stored  on  file:  S28U2 

Data  taken  by:  INCHECK 


Tube  type!  RECTANGULAR  FINNED  TUBE 


Fin  spa 

cing,  ijjidth,  ns-i 

ght  t  1 

.50  1.00 

0.23 

( mm  ) 

Tubs  nsterial: 

S 

Tn I N  L  £  S  S - S  TEE  L 

Thermal 

conductivity: 

14.3 

K  ) 

Irsside 

diameter 

: 

13.15  <  mm  ) 

Root  di 

ameier : 

(4.23  Cmm) 

Pressure  condition: 

UAGUUM 

Room 

Inlet 

Outlet 

Steam 

Gage 

Xducei 

r' 

Flow 

T  sno 

Tef'ip 

Temp 

Temp 

Press 

Press 

Uoits 

<pct  ) 

( degC ) 

( degC ) 

( degC ) 

<  dsgC ) 

( KPa ) 

(KPa) 

( u  ;• 

1 

80 

15.91 

17.27 

17.95 

48.7 

10.8 

11  . 1 

198.1 

2 

73 

13.93 

17.39 

18.13 

48.7 

11.0 

1  1  .0 

198.1 

3 

S0 

19-82 

17.54 

18. 3o 

48.7 

1  1,0 

1  1  .2 

197.3 

4 

53 

19.82 

17.41 

18.34 

48.7 

11.0 

11.1 

198.0 

5 

40 

IS. 78 

57.46 

18.55 

48.7 

n  .0 

1 1  .2 

198.0 

6 

30 

19.73 

17.52 

18.84 

43.7 

11.0 

11.2 

198.0 

7 

20 

19.88 

17. B5 

.  19.34 

48.8 

11,0 

1  1  .3 

198.0 

8 

20 

19.88 

17.65 

13;35 

48.8 

!  I  ,0 

1 1  .2 

198.  1 

9 

30 

19.90 

17.54 

18.85 

48.7 

11.0 

1  1  .0 

193.  1 

10 

40 

19.89 

17.47 

18.54 

48,6 

1  1  .0 

1  1  .0 

19S.  1 

1 1 

50 

19.89 

17.45 

18.34 

48.7 

10.9 

1 1  .2 

198.1 

12 

60 

19.92 

17.44 

18.26 

48.7 

1 1  .0 

1 1  .2 

138. 1 

13 

70 

19.93 

17.67 

18.40 

48.7 

10.3 

1  1  .2 

138.0 

14 

80 

19.31 

17.69 

.18.35 

48.  S 

1  (  .0 

11.1 

138.0 

Current 


1  ,S3 
1  .03 
t  .04 
1  .03 
I  .03 
1  .03 
1  .03 
1.04 
1.03 
1  .03 
t  .04 
1.03 
1  .03 
1  .03 
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ppDgrar^  Nane:  DRF/^*LL 

Raw  data  scored  on  file:  S28V2 


Data  taken  by: 
iLibe  type; 

Fin  spacing,  width,  height: 
Tube  mat erial : 

Thermal  conduct ivi ty : 

Inside  diameter: 

Root  diameter: 

Pressure  c end it  ion : 

System  power: 

Steam  velocity: 

This  analysis  includes  end- 


•RECTnNSULAR  FINNED  TUBE 
{ «50  0.2S- (mm  ) 

ST  A I NL  E  S  S  -  S  TEE L 
14,3  TW/m-K) 

13,15  ( mm  ) 

.  14.23  ( mm ) 

VACUUM 
S , 8 1  <  KW  ) 
t .37  (m/s  ) 
in  effect 


HEATEX  insert  installed  in  tube 


Enhancement 5  based  on  comparison  to  Incheck  smooth  vube 


date 


Wilson  Plot  regression  coefficient  “  0,359 
Ci  (based  on  Petukhov-Popov  )  -  2,555 
Alpha  (based  on  Nusselt  )  =*  1,161 
Enhancement  (constant  heat  flux)  =  1-603 
Enhancement  (constant  temp  drop)  ==  1,424 


Overall 

Outside 

Inside 

Coolant 

Heat  Xfar 

Heat  Xfer 

Heat  Xfer 

•  Heat 

(yeiocity 

Coefficient 

Coefficient 

Coefficient 

Flux 

Ts-Twal  1 

Data 

LMTD 

Uw 

Uo 

Ho 

Hi 

Qp 

Txf 

t 

( dagC ) 

<  m/s  > 

(W/!n'‘2-K  > 

(W/n-Z-K ) 

(U/m"2-K ) 

(W/m-'Z  ) 

( degC  ) 

1 

31 . 15 

4.15 

7 . 368E+03 

1 .687E+04 

3,98SE+04 

2.482E+0S 

14,71 

30.98 

3.65 

7.765E+03 

!  .681E+04 

3 , 577E+04 

2 . 406E+05 

14. 51 

3 

30.78 

3.14 

7,617E+03 

1 .724E+04 

3- 1 5SE+04 

2 .344£+@5 

13. B0 

4 

30.82 

2.63 

7.348£Ta3 

1 .744E+04 

2 . 720E+04 

2.265E+05 

12.99 

5 

30.65 

2.13 

7.006E+03 

1 .77SE+04 

2.277E+04 

2.14SE+05 

s  r  i  01 

G 

30.54 

1  .62 

B.54IE+03 

1  .S3iE+04 

1 .8175+04 

1 .9S8E+05 

10.91 

7 

30. ZS 

1.11 

5 . 823E+03 

i  .3! lE+04' 

t ,335E+04 

1 .761E+05 

9.22 

3 

30 . 28 

1.11 

5.842E+03 

1  .331E+04 

1 , 335Et04 

1 . 7S9E+05 

3.  IS 

3 

30.46 

1  .62 

6.482E+03 

1  .735E+04 

1 ,817E+04 

! .975E+05 

1  i  .36 

10 

30.57 

2.13 

S .  930E’*-©3 

1 .727E+04 

2.277E+04 

2.119E+05 

\  2  27 

11 

30.77 

2.63 

7.233E+03 

1 .S33E+04 

2-721E+04 

2.223E+05 

13.24 

12 

30.86 

3.14 

7.547E+83 

1 . S90E+04 

3,155E+04 

2 . 329E+05 

13.79 

13 

30 .  S6 

3.65 

7 .849Et03 

1 .719E+04 

3,58SE+04 

2,407E+05 

14.30 

14 

3© .  S2 

4.15 

7.865E+03 

1  .558E+04 

4 , 007E+04 

2.408E+05 

14.70 

Avg 

1 .752E+04 

2.1888+05 

12.58 
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Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height 


Tube  mat 

er  i  a  1 : 

Thermal 

conduct 

i  V  i  t  y : 

I  ns i de  d 

iameter 

; 

Root  dia 

meter : 

Pressure 

condit 

ion; 

Room 

Inlet 

Cutlet 

Flow 

Temp 

Temp 

Temp 

(pet  > 

( degC  ) 

( degC ) 

( degC ) 

1 

80 

13.23 

1 8 . 85 

17.53 

70 

19.24 

18.98 

17.71 

3 

80 

19.28 

17.10 

17,92 

4 

50 

19.28 

16.95 

17.88 

5  ■ 

40 

13.27 

17.02 

1 S .  1 0 

B 

30 

19.28 

17.07 

18.40 

7 

20 

19.28 

17. 2t 

18.93 

8 

20 

19.28 

17.21 

,18.93 

8 

38 

1-3.30 

17:83 

1.6.48 

10 

40 

19.30 

16.96 

18.85 

!  1 

•  50 

19.31 

.16.93 

17.87 

12 

60 

19.38 

18.94 

17.76 

13 

70 

19.33 

17.14 

17.87 

14 

80 

19.34 

.  17.17 

17.35 

DRPALL 

S28U3 

INCHECK 

RECTANGULAR  FINNED  TUBE 
i  .50  1,00  0.23  mm) 

STAINLESS-STEEL 
t4,3  (W/.m-K) 

(3,15  ( mm ) 
i4.E3  (mm) 

UACUUN 


Steam 

Sage 

Xducer 

Temp 

Press 

Press 

Uoits 

Current 

dagC ) 

( KPa ) 

(KPa)  , 

(U) 

48.7 

11.1 

11.1 

138.0 

1 .03 

48.7 

11.2 

11,1 

138, 1 

1  .03 

48,5 

11.2' 

11.1 

I  98.1 

1  .83 

48.7 

1  1  .3 

11,1 

198.  1 

1  ,03 

43.8 

11.2 

11.1 

1  38...  1 

1  .03  • 

48,8 

i  1  .3 

1 1  .2 

138.  1 

1.03 

48.7 

1 1 .2 

1  1  ,2 

138.2 

1  .04 

48,7 

1  1  .3 

1 1  ,1 

198.  1 

1  ,03 

48.7 

11.2 

.  11.2 

1S7.S  . 

1.03 

48.8. 

,11.3 

.11.1 

197.9 

'  1  , 03 

48.7 

11.3- 

1 1  .3 

1 98.1  - 

1.03 

48 . 8 

■  11,2 

:  11.1 

197.9- 

1.03 

48.  B 

.11.2  . 

11.1 

198,0 

1  .04 

48,7 

1  ]  .2 

’■  11.1 

198.0. 

1  .04 
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CO  -4  CD  Ln  Oi  l''J 


Progra?^  Name: 

Raw  data  stored  on 
Data  taken  bys 
Tube  type: 

Fin  spacing,  width, 
Tube  nateriai; 


DRFftLL 
SZ8D3 
INCHSCK  . 

RECTANGULAR  FINMED  TUBE 
1.50  1.00  0-28  (m ) 

STAINLESS-STEEL 
14.3  (W/n-lO 
i 3 . ! 5  ( mn  ) 

14.23  im) 


Thermal  conduct  ivity  r  14.3  (W/n**}''./ 

Inside  dianeter:  i3.!5  (nn) 

Root  diameter:  14.23  ( nn ) 

Pressure  condition:  UnCUUN 

Sys tei’n  power :  B  .  8 1  (  KW  ) 

Steam  velocity:  1.57  (m/s) 

This  analysis  includes  enrf-fin  effect 
HEATEX  insert  installed  in  tube 

Enhancements  based  on  comparison  to  Incheck  smooth  tube  dal 


Wilson  Plot 

regression 

coefficient 

=  0.999 

Ci  (based  on 

Fetukhov-Pcpov  ) 

■=  2.511 

Aloha 

(based 

:  on  Nusselt 

V 

*1.134 

Enhancement 

(constant  h 

eat:  f  lux  ) 

=  1 . 554 

Enhan 

cement 

(constant  temp  drop) 

*  1 .332 

Overall 

Outside 

Inside 

Coolant 

Heat  Xfer 

Heat  Kfsr 

Heat  Xfer 

Heat 

Velocity 

Coefficient 

Coefficient 

Coefficient 

Flux 

1 s-Tual 1 

LilTO 

Vw 

Uo 

. . .  Ho  - 

Hi 

Qp 

Txf 

( degC ) 

<  m/s  ) 

(U/n''2-K  ) 

(U/n'-Z-H. ) 

(W/n"2-K) 

(W/m-'Z  > 

i  degC ) 

31  .52 

4.15 

7.843E+03 

1 .6235+04 

4.054E+04 

2 . 474E+05 

15.24 

31.32 

3 . 55 

7.649E+03 

.  1  .6155+0:4 

3.6385+04 

2 . 395t+8S 

14.83 

31.05 

3.14 

7.547Et03 

1 .5735+04 

3.2115+04 

2. 3445+05 

14.81 

31  .25 

2. 53 

7. IS5E+03 

1 .5275+04 

2. 7655+04 

2. 2425+05 

.  13.78 

31  .07 

2.13 

6.843E+03 

1 ,5535+04 

2.3145+04 

2.1265+05 

12.87 

31.10 

1  .62 

6 .453E+03 

1 .7345+04 

1 .3465+04 

2.007E+0S 

11.57 

30.  SB 

1.11 

5 . 820E+03 

1 .3515+04 

I . 357E+04 

t .7845+05 

9.53 

30 . 53 

1.11 

5 . S38E+03 

1 .8795+04 

1 .3575+04 

1 . 78GE+05 

9.50 

30. 33 

1  .82 

6.427E+03 

1 .715, £+04 

! .8475+84 

1 . 9885+05 

i  1  .59 

31.12 

2.13 

S . 923E+03 

1 .7015+04 

2.3125+04 

2.1545+05 

12.65 

3 1  . 30 

2. 55 

7.253E+03 

1 .6735+04 

2.7645+04 

2.2705+05 

13.57 

31.29 

3.14 

7.474ET03 

1 .S3SE+04 

3.2055+84 

2 . 3395+05 

14..27 

31.15 

3 .  B5 

7.723E+03 

! .6475+04 

3.S44E+04 

2 .4055+05 

14.61 

31  .21 

4.15 

7.S73E+03 

! .5335+04 

4.070E+@4 

2.4525+05 

15.85 

1 ,691£t04 

2.1985+85 

13.08 
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Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height: 
Tube  material : 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


DRPALL 

S3SV2 

INCHECK 

RECTAN6UUnR  FINNED  TUBE 
1,53  t . 33  0 . 3S  ( ) 

STAINLESS-STEEL  ' 

•4.3  IW/m-K) 

13.38  ( mm ) 

14.29  1mm) 

UACUUM 


Room 

Iniat 

F  low 

Temp 

Temp 

<pct  ) 

( degC ) 

( degC ) 

! 

83 

20.43 

17.93 

O 

70 

20.44 

18.01 

3 

S3 

20.44 

18.12 

4 

50 

20.45 

17,98 

5 

40 

20.44 

13.01 

e 

33 

20.45 

18.04 

7 

23 

20.45 

18. 13 

8 

20 

20.44 

18.13 

9 

30 

20.46 

18.82 

10 

40 

20.45 

17.31 

1  1 

53 

20.46 

17.84 

12 

60 

20.47 

17.33 

13 

70 

20.48 

18.00 

1  4 

80 

20.50 

18.05 

Outlet 

Steam 

Sage 

Temp 

Temp 

Press 

( degC  > 

< degC  > 

( KF-a ) 

18.52 

43.7 

51.0 

18.65 

48.6 

10.9 

18.84 

48.7 

10.8 

19.80 

48.6 

10.9 

58.37 

48.7 

10.9 

19.21 

48. 6 

50.8 

19.68 

48.3 

10.3 

13.68 

48. 7 

10.9 

13,20 

48.7 

10.9 

18.37 

48. 6 

10.3 

18. SS 

48.6  , 

10.8 

13.55 

48.6 

10. S 

18.65 

48.7 

10.8 

18.54 

48. 7 

10.3 

Xducsr 


Press 
(KPa ) 

Uo  1  u  s 
<V5 

Current 

10.9 

198.0 

1  .04 

10.9 

198.0 

1 .04 

10.9 

198.1 

1  .0-4' 

13.3 

198.0 

1  .04 

10.9 

198.2 

1  .04 

10.9 

138.0 

I  .04 

10.9 

138.2 

1  .04 

10.3 

198.1 

1  ,34 

10.9 

198.2 

1  .04 

10.9 

198.1 

)  .04 

10.9 

198.0 

1 .04 

10.9 

198.1 

1  .04 

10.9 

198.1 

1  .04 

50.9 

198.1 

1  .04 
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Prograrn  Nar^e: 
Raw  data  stored 
Data  taken  by: 


type : 


Fin  spacing,  width,  height: 
Tube  r^aterial: 

Thermal  conductivity : 

Inside  dianeter : 

Root  dianetsr: 

Pressure  condition: 

Systen  power: 

Stean  velocity: 


ORPftLL 

in  file:  S3S‘^u^2 

INC KECK 
RECTANGULAR 
1.50  t.00  0.3S 

STAINLESS-STEEL 
14.3  <U/i^-K) 
13.08  ( nm ) 

14.23  <nn) 


INNED  TUBE 

•Y!  '» 


uACuun  •  • 

S.81  (KW) 

1 .37  (i^/s  ) 

This  analysis  includes  end-fin  effect 
HEATEX  insert  installed  in  tube 

Enhancei'^ent 5  based  on  conparison  to  Inchec.k  snooth  tube  data 


Wilson  .Plot  regression  coefficient  ?=  0.939 
Ci  (based  on  Fetukhov-Popcv  >  ^  2.S24 
Alpha  (based  on  NusseitT-  0>974 
Enhancenent  (constant  heat  flux)  1.2S8 
Enhancement  (constant,  temp  drop)  ^  K195 


Coolant 

Overall 
Heat  Xfer 

Outside 
Heat  Xfsr 

Inside 

Heei  Xfer' 

Heat 

Ts-Twaii 

'alocity 

Coefficient 

Coefficient 

Coefficient 

Flux 

Data 

LKTD 

Ua.  • 

Ho 

Hi 

Qp 

Txf 

t 

( degC } 

< n/s  ) 

<W,.’n'-2-K  ) 

%  U/m'‘2-K  ) 

(  W/!«''2-K  > 

<W/n''2i 

(  degC ) 

1 

30.50 

4.20 

7 . 0055+05 

1 .3795+04 

4.1585+04 

2.1385+05 

15.49 

7 

30.32 

3 .83 

8.8835+03 

4 .5835+04 

3.7355+04 

2. 0835+05 

15.07 

3 

30 . 19 

3.17 

8. 7315+03 

( .4255+04 

2.2975+04 

2,0505+05 

14.39 

4- 

30.25 

2. SB 

6.5485+03 

1 .4205+04 

2^8395+04 

1 .9805+05 

13.94 

5 

30.18 

2.15 

8 . 2625+03 

1 .4315+04 

2.3755+04 

t .8905+05 

<  *7  n  -t 

1  0  <  ^  ( 

6 

30.00 

1  ,84 

5.8775+03 

1  .4525+04 

1,8845+04 

1 .7835+05 

12.14 

7 

23.84 

1 .13 

5.3825+03 

1  .5625+04 

1 .3915+04 

1  .6085+05 

10.28 

8 

29.81 

1 ,13 

5.3905+03 

1 .5S9E+04 

1  .3915+04 

1 .6075+05 

10.24 

9 

30 , 05 

1  ,64, 

5.9125+03 

1 . 4745+04 

1  .8945+04 

1  .7785+05 

12.05 

10 

30,18 

2. 15 

B.2B9E+03 

1  .4355+04 

2.3725+84 

1  .8925+05 

13.18 

11 

30,38 

2.86 

S ,  4865+05 

1 -3345+04 

2.8345+04 

1  .3715+05 

14,14 

12 

30.45 

3.17 

6.71 15+03 

1 .3925+04 

3 . 2885+04 

2  .0445+05 

14,88 

1 3 

30.55 

3.69 

8. 8345+03 

i . 5325+04 

3. 7355+04 

2. 0925+95 

15.33 

14 

ftvg 

30 . 33 

4.20 

7.0155+03 

i  . 3325+04 
1,4355+04 

4 . 1 725+04 

2 . 1 2SE+05 ■ 

1  . 330E+05 

15.39 

13.52 
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Progra 

m  Nanet 

DRPALL 

Raw  data  stored 

on  file 

:  S33U3 

Data  t 

aken  by: 

INGHECH 

Tube  t 

ype : 

RECTANSULPiR  FINNED 

TUBE 

Fin  sp 

acing,  wid 

th,  hei 

ght:  1.50  1.80  8.38  < 

mm ) 

Tube  r. 

ater iai : 

STPilNLSSS-STEEL 

Thermal  conducti 

V  i  t  y : 

14,3  (W/n-K) 

Inside 

diameter : 

13.88  ( fnn  ) 

Root  d 

iarneter : 

14.2?  (nn) 

Fressu 

re  condition: 

VACUUM 

Roon 

Inlet 

Outiei 

Steam  Gage  Xducer 

Flow 

Ter^p 

Tenp 

Tsrp 

Temp  Press  Press 

Uoits 

Curren 

■:  pet ) 

( degC ) 

( dsgC ) 

(.  degC ) 

(  degC )  ( KFa  )  i KFa  ?  " 

(U) 

1 

80 

20.58 

17.78 

18.30 

48.3  10.5  11.1 

197,9 

1  .03 

V- 

70 

20.58 

17.30 

18.46 

49.0  10.3  11.3 

137.9 

1  ,03 

3 

S0 

20.60 

17.33 

18.66 

48.8  10.5  11.2 

19S.0 

1  .03 

4 

S0 

28.62 

17.79 

18.62 

48.6  18.5  11.1 

198.0 

1  .03 

5 

40 

20.61 

17.88 

IS.  85 

48.7  10.5  11.2 

198.0 

1  .03 

6 

30 

20.60 

17.32 

19.13 

48. 7  10.5  11.2 

138.0 

1  .03 

7 

20 

20.60 

18.10 

15.66 

48.7  10.5  11.2 

198.4 

1  .04 

8 

20 

20.61 

18.06 

19.65 

48.6  10.5  11.1 

197.3 

1.03 

3 

30 

20.50 

17.93 

19.12 

48.6  10.5  11.1 

198.1 

1  .03 

10 

40 

20.61 

17.83 

18.81 

48.6  10.3  li . 2 

198.3 

1  .03 

1  1 

50 

20.65 

17.77 

18.60 

48 .6  18,0  11. .1 

19S. ) 

1  .03 

12 

60 

20.66 

17.77 

18.50 

48.7  10.5  n.2 

138.0 

1  .03 

i  3 

70 

20.73 

17.94 

18.60 

48. S  10.5  11. i 

1  38 . 1 

1  .05 

14 

80 

20.73 

17.95 

18.54 

48.7  18.5  11.2 

193.  1 

1  .03 
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Program  Name: 

DRPftUL 

Raw 

data  star 

ed  on  file 

:  538 V3 

Data 

taken  by 

INGHECK 

Tuba 

types 

RECTANSULAR  FINNED 

TUBE 

Fin 

spacing  . 

width,  hei 

ght :  1.50  ! 

,0©  0 . 33 . ( 

nm  ) 

Tube 

material 

I 

3TAINLE 

5S-STEEL 

Thermal  conductivity : 

14.3  i 

W/m-K  ) 

Insi 

de  diameter: 

13.08 

( mm  ) 

Rdot 

diameter 

: 

14.23 

( mm ) 

Pressure  cond 

it  ion: 

VACUUM 

3yst 

em  power: 

S .  S 1 

(KW) 

Stean  velocit 

y  • 

.1.97 

(  m  /  s  ) 

This 

analysis 

inc ludss 

end-fin  affect 

HEftTEX  insert 

instal led 

in  tube 

Enhancements 

based  on  c 

omparison  to 

Incheck  sno 

cth  tube  data 

Wilson  Plot  regression 

coefficient  « 

8.993 

C'i  (based  on 

PetukhQv-Popov )  - 

2,S32 

Alpha  (based 

on  Nusselt 

0.937 

Enhancer^ent  ( 

constant  heat  flu.K)  - 

1,291 

Enhancement  ( 

constant ■ t 

enp  drop )  = 

1.211 

Overall 

Outside 

inside 

Coolant 

Heat..  Xfer 

Heat  Xfer 

Heat  Xfer 

Heat 

Velocity  C 

loef  f  ioiani 

Geef f icieni 

Ceef f icisnt 

Flux 

Ts-Tuali 

Data 

LMTD 

Uui 

Uo 

■  Ho 

'  'Hi 

Qp 

Tx  f 

t 

^  degG  ) 

<  m/ s  ) 

(W/n^Z-K) 

( U/i»t^.3''X  5 

^W/i'rZ-K  > 

<W/n''2  ) 

( dsgC ) 

1 

33.79 

4.20 

7 . 004E+83 

I.379E+04 

4. 1S5E+84 

2 . 1 57E+85 

15.64 

2 

30.85 

3.63 

6 . 903E+03 

1 .396E+04 

3 . 757E+04 

2.t29E+05 

15.25 

38.54 

3.17 

S.7a2E-fe03 

1 ,421 Er 84 

3,233E+84 

2.8715+85 

14.58 

4 

30.43 

2. SB 

6.534E+03 

1 . 443E+04 

l.Mt.E+04 

2 . 005E+05 

13. S3 

5 

30.58 

2.1.5 

E.265E+03 

1  . 43 1  £"^04 

2.378E+04 

1 . 903E+05 

13.30 

8 

30.17 

t  .64 

5.985E+03 

r.5}8£+04 

1 ,837E+04 

1 .80SE+0S 

11.30 

i 

23.88 

,1.13 

5.403E+03 

1 .573E+84 

1  ‘.33SE+84 

1 .812E+05 

10.25 

8 

23.74 

1 ,13 

5.429E+83 

1 .5385+04 

i  .335£+^4. 

1 .6 1 4E+05 

10.11 

Q 

38.06 

i  .64 

5.331E+05 

1 .484E+34 

1 .8975+84 

1 .783E+05 

12.0! 

10 

38.31 

2.15 

6.284E+33 

1 .441E+04 

2.377Et04 

i . 984E+85 

13.21 

1  1 

'  38.43 

2.SS 

6 . 5B9E+03 

1  .431E+84' 

2.848E+04 

1 .99SE+05 

13.97 

12 

30.53 

3.17 

B ,  883Er03 

1 .431E+84 

3.2935+04 

2. 03 15+05 

14.54 

13 

38,33 

3.63 

7.01 4E+03 

.1  .441E+04 

3.7435+84 

2.127E+05 

14,76 

14 

30 . 45 

4.28 

7.0S5E4-03 

1 . 337E+04 

4. i78E+34 

2 . 1 49E+05 

15.38 

Avg 

1 . 45SE+04 

1  . 353E+05 

13.45 
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m  cn  CO  orj  Si  —  r4  ro 


Program  Name : 

DRPALL 

Raw  data  stored 

on  f ii 

a:  34Sv; 

Data  taken  by: 

INCHECK 

Tube  type: 

RECTHNaULr-R 

FINNED 

TUBE 

Fin  spacing,  uii 

dth,  he 

ight:  1.50  1.00 

0.48  -  (i 

mm ) 

Tube  material: 

STAINLESS-STEEL 

Thermal  conduct 

i  V  i  t  y : 

14.3  <W/m-!< 

'  \ 

Inside  diameter 

: 

13.11  (mm) 

Root  diameter: 

1 4 , 26  ( mm ) 

Pressure  condit 

Ion : 

OACUUH 

Room  Inlet 

Outlet 

Steam  Sage 

Xducer 

Flow 

Temp  Temp 

Temp 

Temp  Press 

Press 

Uoits 

Currsi 

pet  ) 

( dsgC  )  <  degC  > 

( degC ) 

(  degC  >  ( KPa ) 

(KPa)  • 

'  (y  > 

80 

20.58  17. tl 

17.71 

48.9  10.7 

n  .2 

184.7 

.34 

70 

20.58  17.23 

17.93 

43.6  10.5 

1  1 .3 

185.2 

.94 

60 

20.57  17.41 

18.14 

48. S  10.6 

11.1 

135.7 

.94 

50 

20.57  17.32 

18.14 

48.7  10.6 

11.1 

185.1 

.  93 

40 

20.60  17.43 

18.39 

48.5  10.5 

11.1 

184,9 

.34 

30 

20.58  17.55 

18.72 

48.7  10. B 

11.1 

184.9 

.34 

20 

20.57  17.74 

19.27 

48.7  10.5 

11.1 

185.0 

.94 

20 

20.60  17.77 

19.30 

48.7  10. S 

11.1 

165.0 

.94 

30 

20.59  17.59 

18.75 

48.6  10.6 

11.1 

185.1 

.94 

40 

20.60  17.42 

18.38 

48.7  10.7 

11.1 

185.1 

.34 

50 

20.60  17,35 

18.17 

48. S  10. B 

11.1 

185.0 

.94 

60 

20.60  17.56 

IB. 27 

48.7  10.5 

n  .1 

185.0 

.94 

70 

20.60  17.55 

18.19 

48.7  10.5 

n  .1 

185.0 

.94 

80 

20.57  17.57 

IS.  16 

48.7  10.7 

n.i 

185.1 

.94 

176 


Progran  Nai^te: 

ORP.ALL 

Raw 

data  St 

ored  on  fii 

s:  S.4i?v'l 

Data 

i  taken 

by: 

INGHECH 

Tube 

type: 

RECT.f^NSULRR  FINNED 

TUBE 

Fin 

spacing 

1  j  w  .1,  d  V  h  j  1 1  e 

ig.ht;  1.50  1 

.  ^0  0 , 43  ( mn ) 

Tube 

material : 

STFIMLE 

:SS-ST£EL  - 

Then 

mal  con 

duct ivi t y : 

14.3  ( 

W/m-K  ) 

Insi 

de  diameter: 

13. 1  1 

( rm  ) 

Root 

diamet 

er : 

14.26 

( mm ) 

Pressure  condition: 

U.A.pyyM 

System  power: 

(KW) 

Steam  veloc 

ity: 

i  -  "I 

(  m  /  s  ) 

1  his 

analysis  1 nc 1 u  de  s 

end-rin  sffec 

t 

HEATEX  insert  installed  in  tube 

Enhancement 

5  based  on 

ccmparison  to 

Incheck  smoo 

th-  tube  da 

t  a 

Wils 

on  Plot 

regression 

cqefficlent  = 

0.998 

Ci  (i 

based  on  Petukhov- 

Popov ;  ' 

2.439 

ftiph. 

a  (based  on  Nussei 

t  ;  - 

0.345 

Enhai 

ncement 

(constant 

heat  f.luxi  .= 

l.2tS  • 

■  Enhancement 

( const  ant 

temp 

1.159 

Overall 

Outside 

Inside 

Coolant 

Heat  Xfei7 

Heat  X-fer 

Heat  Xfsr 

Heat 

Ueioclty 

Coefficient  Coefficient. ' 

Coefficient 

Flux 

T  s-Twa 

Data 

LMTD- 

Uai 

Uo 

Ho  ■  . 

Hi 

Qp 

'  -  Txf 

t 

( degC ) 

i  m/s  ) 

(W/m'2-.K) 

( 1 

(W/m''2-K  ) 

(W/m'Z  > 

^  degC 

r 

31  .48 

4 . 1'S 

S.91 lE+03 

1 , 350E+84 

3.91 3E+04 

2. 175ET05 

16.35 

2 

31  .02 

3.G7 

6.796E+03 

1  .343E.i-04 

3.512E+04 

2.108Et05 

r'5,70 

3 

38.8? 

3.16 

E.67eE+03 

1 .3B3E+04 

3. 181E+04 

2.061E+05 

15.06 

4 

30. 9B 

2.65 

6 .336E+03 

! .34SEt04 

2.672E+04 

1 .S77E+05 

14.69 

•  S 

38.74 

2.14 

6 . 1 39E.1-03 

1 . 374E+04 

2.237E+04 

1  .S87E+05 

13.74 

e 

38.54 

1  .63 

5.778E+03 

1 .40S£t04 

1 .78SE+04- 

1  .7S2E+05 

12.53 

7 

50.20 

1 .12 

5.2B1E+03 

t , S05E+84 

1 .313E-i-04 

1  .58SE+05 

10.54 

8 

30.13 

1 .12 

5.275E+.03 

1 . 520E+04 

( .3t4E+04 

1  .598E+05 

10.46 

9 

30 .45 

1  .63 

5.737E+03 

1  ,SSSE+04 

1 .787Et04 

i  .747E+05 

1  2 .  E  0 

10 

30.  S3 

2,14 

S.149E+0S 

1 ,373£+04 

2:23?E+04 

1  .895E+0S 

13.75 

1 1 

38.84 

2.65 

S . SSBE+SS 

1  ,550E+0,4  ' 

2.E73Et.a4 

1  .B72E+05 

14.61 

i  n 
! 

30.  ?S 

3.16 

S . 593Et03 

1  .333Et04 

3. 106E+04 

2.028E+05 

15.2! 

15 

38.85 

3.S7 

S . 732E+03 

i .  3 1 pE+84 

3 .  S2.3E+04 

2.07BE+05 

15,76 

14 

30VS6 

4.18 

S .  3S7E+83 

1  .31! t+04 

3. 9345+04 

2.11 9E+85 

16. IS 

-f^VQ 

i  .376St04 

i  .328E+05 

14.88 
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Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height: 
Tubs  material: 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


DRPALL 

S48V2 

INCHECK 

RECTANSULAR  FINNED  TUBt^ 
1  .  S0  I  .  00  0  •  43  ( mm  ) 

STAINLESS-^STEEL 
14.5  ( W/m-K  ) 

13. ft  (mm) 

14.26  (mm) 

•vacuum 


Room 

Inlet 

Outlet 

Steam 

Flow 

Temp 

Temp 

Temp 

Temp 

( pet  > 

( degC  > 

<  degC ) 

<  degC ) 

( degC ) 

] 

80 

20.26 

17.17 

17.77 

48.6 

9 

70 

20.26 

17.37 

13.03 

48.7 

3 

60 

20.25 

17.47 

18.20 

48.6 

4 

50 

20.31 

17.33 

18.17 

48 .  D 

5 

40 

20.32 

17.37 

13.35 

48.7 

6 

30 

20.30 

17.49 

18.69 

48.7 

7 

20 

20.35 

17.64 

19.18 

48.5 

8 

20 

20.37 

17,56 

1S.2T 

48.  S 

9 

30 

20.35 

17.46 

18.65 

48 .  S 

10 

40 

20.37 

17.41 

18.39 

48.7 

11 

50 

20.39 

17.38 

1 8. 2 1 

48.8 

12 

60 

20.40 

17.41 

18.14 

48.6 

13 

70 

20.33 

17,53 

18.24 

48.8 

14 

80 

20.33 

17.59 

18.19 

48.7 

Sage 

X due ar 

Press 

Press  ■ 

( KPa  > 

(KPa) 

10.5 

10.8 

10.5 

1  1  .0 

10.5 

10.9 

10. S 

10.9 

10.7 

tl  .0 

10.7 

1  1  .0 

10.5 

10.9 

10.7 

1  '!  .0 

10. S 

1 1  .0 

10. e 

1  1  .0 

74.2 

11.0 

10.6 

10.9 

10.7 

11.1 

10,7 

1  1  .0 

Volts  Current 
(V) 

tgs.i  1.05 
198.3  1.03 

198.1  1.03 
138.0  1.03 

198.1  1.03 
198.3  1.03 
198.7  1.02 

138.2  1.03 
199.0  1.02 

197.6  1.03 
1S8.0  1.03 
187.9  t.03 

537.7  1.03 
198.0  1.03 
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Proorar*’  Mamei 
Raw  data  stored  on 
Data  taken  byJ 
Tube  type: 

Fin  spacing,  width,  height 
Tube  nateriali 
Thernai  conductivity:  .  . 

Inside  diameter : 

Roct  diameter: 

Pressure  condition: 

System  power: 

Steam  velocity: 

This  analysis  includes  end- 
HEATEX  insert  installed  in 


DRPALL 

S48M2 

IMCiiECK 

RECTANGULAR  FINNEu  TUBE 
i  ,  50  !  .  39  0 . 48'  (  mn  ) 

STArNLESS-STEEL 
'  T4  *  3  ( lA>/m*~K  ) 

!  3 .  M  ( mm  ) 

14 ‘26  (mm) 

MACUUN 
S.32  (KW) 
i  -  37  ( m/-5  > 
fin  effect 
tubs 


Enhancements  based  on  comparison  to  Ineheck  smooth  tube 


data 


.  Wilson  Plot 

regress  ion 

coefficient 

==  0.999 

Ci 

(based  on 

Petukhov-Popov  ) 

=  2:581 

Alpha  (based 

on  Nusselt 

)■  • 

«  0.373 

Enh 

ancement 

{ constant ■ h 

eat  fiux.i 

=  1 .287 

Enh 

ancement 

(constant  teMfj  drop) 

=  1.194  , 

Overall 

Dutside 

■  Inside 

Coolant 

Heat  Xfer 

Heat  Xfsr 

Heat  Xfer 

■  Heat 

Ueiocity 

Coefficient 

Coefficient 

Coefficient 

Flux 

Ts-Twai i 

Data 

LHTD 

Uw 

Uo 

He 

Hi 

Qp  .  . 

Txf 

# 

( degO ) 

<  m/s  ) 

• {W/m"2-K  ) 

<Wapi''2-K  ) 

(W/n''2-K) 

(U/in'‘2  ) 

<  dsgC  > 

1 

31  .18 

4. 18 

7.00IE+05 

1; 363E+04 

3.918E+84 

2 . 1 33E+05 

IS.  01 

2 

3-1  . 03 

3.67 

6 . 

i .S31E+04 

3.51SE+04 

2 . 1 47E+05 

15,44 

3 

30.80 

3  - 1 S 

6 . 733E+03 

1 .334E+04 

3.105E+04 

2 . 075E+05 

14.39 

i 

30.85 

.  2.55 

6.51 SE+03 

i  .404E+04 

2^d74E+04 

2.8'l0E+05 

14.32 

5 

30.85 

2.14 

6 . 23’4£t?95 

I  ’422E+04 

2.237E+04 

1 .923E+05 

15.52 

G 

30.57 

1  .S3 

5.3S1E+03 

1 . 480E+84 

1 .7SGE+04 

1 . 80 1 E+85 

12.16 

7 

30.12 

1.12 

5.301 £+03 

t . S43E+04 

1 .312E+84 

1 ,S97E+0S 

10.35 

8 

30 . 1 3 

!  .  12 

5.331E+^3 

1  .  •5S7E+04 

I  .31,3E+04 

1 .S09E+05 

10.27 

3 

30.52 

1  .33 

5.8S3Er03 

i . 4B7E+04 

1 .785E+04 

1 .787E+05 

12.23 

10 

38.81 

2.14 

6 .2SQEt03 

1 .455E+04 

2.238E+04 

1 .928E+05 

13.43 

It 

30.37 

2.65 

6. 47  I  £4*35 

i .3a3E+84 

2,5?5E+04 

2.004E-^85 

14.49 

12 

30 .  S3 

3.13 

■S.733Et®3 

!  .  33^t'*'S4 

3, !Q2E+04 

2.07BE+05 

14.31 

13 

30.54 

3 . 67 

b.S92Ei03 

i .373E+84 

3.527E+04 

2.133E+05 

15.47 

14 

30 . 84 

A  1  0 

6 . 9S7E4‘03 

1  - 35SE+04 

3,937E+04 

Z. 15SE+05 

1  5 . 30 

nvg 

{.42S^t04 

1 .959E+05 

13,32 

179 


Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by:  ■ 

Tube  type: 

Fin  spacing,  width,  height: 
Tube  material: 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition; 


DRPALL 

375U) 

INGHECK 

RECTANSULAR  FINNED  TUBE 
1.50  1.00  0 . 75-  (  mm  ) 

STAINLESS-STEEL 
14.3  (W/m-K) 

13.10  ( mm  / 

14.25  <mm) 

UACUUM 


Room 

Inlet 

Outlet 

Steam 

Gage 

Xducer 

Flow 

Temp 

Temp 

Temp 

Temp 

Press 

Press 

Uo  Its 

Curran 

( pet  ) 

( degC  > 

( degC ) 

( decG ) 

( degC ) 

( KFa  ) 

(KPa)  - 

(U) 

1 

80 

20.52 

18.81 

19.35 

48.5 

10.7 

10.8 

198.1 

1.04 

2 

78 

20.35 

18. 93 

19.52 

48,8 

1  1  .0 

1 1  .0 

138.1 

1.04 

3 

G0 

21.47 

13.07 . 

13.73 

48.7 

1 1.0 

I  1  .0 

198.2 

1.04 

4 

58 

20.53 

18.95 

19.78 

48.7 

11.0 

10.9 

198.1 

1 .04 

5 

40 

21  .30 

19,03 

19.97 

48.7 

11.0 

10.9 

197. S 

i  .04 

S 

30 

21  .57 

19.23 

28.30 

48. S 

1  1  -8 

1 1  .0 

198.2 

1.04 

7 

20 

21  .61 

19.36 

20.75 

48.6 

13.9 

10.9 

198.3 

1  .04 

8 

20 

21.58 

19.39 

20.78 

48.7 

10.9 

10,9 

198.1 

1  .04 

9 

30 

21.02 

13.14 

20.21 

48.7 

10.9 

10,9 

198.0 

1  ,04 

10 

48 

20.65 

1  9.02 

19.89 

48.6 

1  1,0 

10.9 

198.0 

1  .04 

1 1 

50 

20.54 

18.95 

19.78 

48.6 

10.9 

10.9 

198.2 

1  .04 

12 

60 

21.26 

13.88 

13,54 

48.8 

1  1.0 

1 1  ,0 

137.9 

1.04 

13 

70 

21 .36 

1  9.05 

13. 64 

48.7 

1  t  .0 

1 1  .0 

197.9 

1  .04 

14 

80 

21.63 

19.06 

19.60 

48.5 

!  1  .0 

10.9 

198.0 

1  .04 
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Prog 

ram  Mams : 

DRFfiLL 

Raui 

data  stored  on  file 

:  575U1 

n  1  -a 
i-'a  1,  a 

taken  by: 

IflCHEC: 

K 

Tube 

type: 

RECTANSUL.^R  FINNED 

TUBE 

Fin 

spacing,  width,  height:  !  ,-50 

1  .00  .0.75  <: 

mm ) 

Tube 

material : 

STAINLi 

ESS-STEEL  • 

Thermal  conduct ivi ty : ^ 

14.3 

{ U/«i-K  ) 

Inside  diameter: 

13.10 

( mm  ) 

Roo  t 

diameter: 

14.25 

( mm ) 

Pressure  condition:  . 

VACUUM 

System  power: 

6.81 

( KW  ) 

Stee 

m  velocity: 

,1.97 

in/s  } 

This 

analysis  includes 

end-fin  affs' 

ct 

H£AT 

EX  Insert  installed 

in  tube 

Enhancements  based  on  ccmparison  to 

Incheck  smo 

■5th  tube  dat 

a 

Wilson  Plot  regression 

eoefficieni  ^ 

=  1  .^000 

Gi  (based  on  Petukhov-Popov  ) 

*=2.349 

Alpha  (based  on  Nussait)  ■ 

=  0.878  : 

Enhancement  (constant  heat  flux) 

=  1.104  ■ 

Enhancement  (constant  t 

ai»ip  drop  ) 

=  1.077  ■ 

Overal 1 

Out  si  da 

Inside 

Coolant  Heat  Xfer 

Heat  Xfer 

Heat  Xfer 

Heat 

Velocity  Coefficient 

Coefficient 

Qoaf-fisient 

■Flux 

Ts-Twal i 

Data 

LMTO 

Vw  Uo 

Ho 

Hi 

Qp 

Txf 

# 

<  degC ) 

<iw/s)  <U/m"2-K) 

(W/n''2-K  ) 

(W/m'’2-K> 

(W/n-'Z  ) 

( degC  ) 

1 

23.47 

4,19  S , 60GE+03 

1 .239E+©4 

3.755Ef04 

1 .947E-f05 

15.71 

9 

im 

29.55 

3.67  B.43BE+03 

1 .Z51E+04 

3. 3B8E+84 

1 .920E+05 

15.55 

"a 

w 

23.32 

3. IB  S.3S4E+03 

1 .2S7E+04 

2.i73E+04 

1 .86BE+05 

14.72 

4 

23.33 

2,65  B.176E+03 

1 .2S4E+34 

2.561E+04 

1.8116+05 

14.11 

5 

23.15 

2.14  S.907E+03 

1 .2a7E+04 

2,r45E+04 

1 .722E+05 

13,28 

B 

29.00 

1.S3  5,540E+03 

1 .320E+34 

1 .713E+04 

1 .6075+05 

12.17 

7 

28.54 

1,12  5.052E+03 

1 .41SE+04 

1 , 258E+04 

1 .442E+05 

10.18 

8 

28.58 

1.12  5 . 027E+03 

1 .336E+04 

i .259E+04 

1 .437E+05 

10.29 

3 

28.98 

! .53  5.S59E+03 

1 .332E+04 

1 ; 7  r 1 E+04 

i  .SnE+05 

12.09 

10 

29.13 

2.14  5.333E+03 

1 .28SE+04 

2 . 1  ■43E+04 

! .718E+05 

13.33 

i  1 

29.26 

2 . 55  B . 1 3SE+03 

i .267E+04 

2iSSl''E-i-04 

1 .795E+05 

14.17 

1  ”5 

t  i. 

23.55 

3.15  6 . 289E+03 

i .239E+04 

2 . 9B7E+04 

1 . S59F+05 

1 5 . 00 

13 

29.40 

3.S7  S.471E+03 

1 .241E+04 

3.373E-i-04 

! .S03E+05 

15.33 

14 

29.20 

4.13  e.53aE+03 

1 .232EH-04 

3 . 7S5E'!'04 

^ .324E+05 

15. B2 

Avg 

1  .i291E+04 

1 .754E+05 

13. S7 
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Progra:*)  Naws:  ORPALL 

Raw  data  stored  on  file:  S75'v'2 


Data  taken  by: 

Tufas  type: 

Fin  spacing,  width,  height: 
Tube  material: 


INGHECK 

RECTANSULAR  FU4NED  TUBE 
1,50  i  .  00  0,75.  (mm  ) 

STAINLESS-STEEL 


Thermal 

conductivity : 

14, 

\ 

s: 

.3 

K  ) 

Inside, 

diameter: 

13. 

,10  ( mm ) 

Root  di 

ameter : 

14, 

.25  (mm) 

Pressur 

e  conditi 

on: 

UACUUH 

Room 

Inlet 

Outlet 

Steam 

Sage 

Xducer 

Flow 

Temp 

Temp 

Temp 

Temp 

Press 

Press 

Uo  its 

Current 

( pet  > 

<  degC ) 

( degC  > 

( degC  ) 

( degC  J 

(KPa) 

( KPa  /  - 

(U ) 

1 

80 

28.30 

18.38 

19.40 

48.6 

1  1  .0 

10.9 

197.3 

t  .04 

n 

70 

20.95 

18.39 

19.46 

48.8 

11.2 

10.9 

197,3 

1 .04 

3 

80 

21,80 

18.91 

19.55 

48.8 

1 1  . 1 

1  1,0 

198.0 

1  .04 

4 

50 

21.02 

18.36 

19.68 

48.8 

11.0 

1  1  .0 

198.0 

1  .04 

5 

48 

21  .82 

18.72 

13.57 

48.7 

1  1  .0 

10.9 

198.1 

1  .04 

S 

30 

21 .12 

18,77 

19.80 

48.8 

1  1  .0 

10.9 

198.2 

1  .04 

■7 

20 

21 . 12 

18.83 

20.22 

48.7 

11.0 

1 1.0 

198.0 

1  . 04 

8 

28 

21 . 12 

18.87 

20.21 

48.7 

11.0 

1  1,0 

19S.0 

1.04 

9 

30 

21.15 

IS. S3 

19.66 

48.7, 

1  1  .0 

1 1,0 

1,98. 1 

1.04 

1  0 

40 

21  -  14 

18.46 

19.31 

48.8 

1 1  .0 

11.0 

198.1 

1  .  @3 

1 1 

58 

21 . 15 

18.39 

19.12 

48.8 

1  1  .0 

11.0 

198.3 

1  .03 

12 

S0 

21.14 

1 8 . 34 

18.38 

48.8 

1 1  ,0 

1 1  .0 

198.1 

1  . 03 

13 

70 

21 .16 

18.48 

19.06 

48.7 

1 1  ,0 

10.9 

187.9 

1 .03 

14 

80 

21.23 

18.46 

18.98 

48.8 

1 1  .0 

11.0 

197.9 

1  .03 

182 


Program  Name: 

DRFALL 

Raw  data  stored  on  fiig: 

375y2 

Data  taken  by: 

Ii'4CHECK 

Tube  type: 

RECTAMSULnR  FINNED 

Fin  spacing,  width,  height: 

t . 53  1 . 03-  3.7b  ( 

Tubs  naterial:  ■  ■ 

STAINLESS-STEEL  ■ 

Thermal  conductivity: 

'■.H.V4-.3 

Inside  diameter: 

13,13  (nm ) 

Root  diameter: 

1 4 .25  ( ini'i  ? 

Pressure  condition: 

-  UACLIUN  •  • 

System  power: 

5.31  <  Kul  • 

Steam  veiocity:  ? 

1  96  ■  (  m/s  ) 

This  analysis  includes  snd'^fin  ef tact 
HEnTEX  insert  instal led . in  tube 

Enhancspisnt 5  based  on  comparison  to  Incheck  srncoth  tube  data 

Wilson  Plot  regression  coeffieient  ~  0.338 
Ci  (based  on  PetuKhov'-pQpov-)  *  -  '  *=  3.?70  ■ 


■Alpl 

na  (based 

on  Nusselt  ) 

,  sc. 

0.S39 

Enh( 

ancemeht 

{constant  heat  fltiXi)  - 

1  .039 

Enhancement 

{constant  temp  drop)  =? 

1.029 

Overs U, 

Outside 

Ifioids 

Coolant 

Heat  Xfer 

•  Meet  Xfen 

Heat  Xfer 

Heat 

Velocity 

Coefficient 

Goef f ioient 

Coef f iclent 

Fiux 

Ts-Tuiai  i 

Data 

lHtd 

Uui' 

Uo  ■ 

T"'  Ho 

-  Hi'^  . 

Qp 

T>'f 

t 

( degC  > 

(  n  /  5  ) 

{W/n''2-|*0 

) 

( W/n  '’2  ) 

( degC ) 

1 

29.49 

4.13 

6.325E+'23 

1 . 1 77E+84 

3,471E+04 

1 .866E+05 

15.86 

o 

A. 

29.59 

3 .67 

6.245E+03 

! .1 S7E+04 

3 . t •0E+04 

1 .848E+05 

15.43 

23 .55 

3.16 

6.0986+03 

1 .269E+e4 

2.742Et04 

1 .882E+05 

14.91 

A 

"r 

29.49 

2.65 

5 . 8S@E+05 

1 .21 lE+04 

2 , 3565+04 

1 .734E+05 

14,32 

'5' 

29.5S 

2.14 

5 , BS^E+03 

1 .2^55+04 

1 .9735+04 

i .6746+05 

13.41 

S 

29.47 

1  .63 

''S.269E+03 

1 .258E+04 

!  :574E+04 

1 .553E+05 

12;55 

7 

29.17 

1 .12' 

4. 773E+03 

1 .533E+04 

M96E+04 

1 .392E+05 

10.40 

8 

29.  IS 

1.12 

4 . 770E+03 

1 ,337E+04 

j . 1 565+04 

1 .3S1E+05 

10.40 

9 

29.55 

1  .63 

S . 2685+03 

1 .259E+04 

1 .5715+04 

1 .557E+05 

12.36 

13 

29. S7 

■  2.14 

5 . 573E+03 

1 .208E+04 

1 .9675+04 

1 .S54E+05 

13.73 

1  1 

30.31 

2.65 

5.S55E+05 

1 .204E+04 

2. 35 15*04 

1 .757E+05 

14.59 

1  0 

30  .-12 

3.13 

S.035E+83 

i . 1 38E+04 

2,7246+04 

1 .S17E+85 

15.30 

1 3 

29.98 

3. 67 

6 . 1 70E+03 

i  .  1 73E+0.4 

3,8965+04 

1 . 350E+05 

15.78 

]  4 

30 . 8S 

4.13 

S.27TE+83 

) . 159E+04 

3'.  4S§E+04 

i .S85E+05 

15.27 

Avg 

! .226E+04 

•  r 

1 .593E+05 

13,94 

183 


Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height: 
Tube  material: 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


DRPALL 

S95V! 

INCHECK 

RECTANSULAR  FINNED  TUBE 
1.50  1.00  0.35  <  mm  > 

STAINLESS-STEEL 
14,3  <W/m-K> 

13.08  <mml 
14.24  (mm) 

UACUUN 


Room 

Inlet 

Outlet 

Steam 

Sage 

Xducer 

Flow 

Temp 

Temp 

Temp 

Temp 

Press 

Press 

Uolts 

Current 

( pet  ) 

( degC ) 

( degC ) 

( degC ) 

( degC  > 

(KPa) 

(KPa)  .. 

(U) 

'1 

80 

22.38 

19.13 

13.68 

48 ,  B 

10. S 

10.8 

19-3.0 

1.04' 

2 

70 

22.55 

19.32 

13,86 

48,3 

10.3 

10.9 

198.1 

1.04 

3 

60 

21  .94 

19.49 

20.08 

48.6 

10.8 

10.8 

197.9 

1  .04 

4 

50 

21  .78 

19.40 

20,08 

48.3 

11.0 

1 1  .0 

5  98.0 

1  .04 

5 

40 

21  .63 

19.53 

20.36 

48.6 

10.8 

10.8 

198.0 

1.04 

6 

30 

22.49 

13. SB 

20.62 

48.8 

10.8 

10.9 

197.8 

1 .04 

7 

20 

22.57 

19.84 

21  .09 

48.8 

10-S 

10.9 

138.0 

1  .04 

S 

28 

22.51 

19.82 

21,06 

48,8 

10.8 

1  1  .0 

198.0 

1,04 

S 

30 

22.54 

19.67 

20.63 

48.9 

10.9 

I  1  .0 

137.8 

1  .04 

10 

40 

22.49 

19.63 

20.41 

48.5 

10.7 

10.8 

138,0 

1  .04 

1 1 

50 

22.76 

19.70 

20.36 

48.6 

10,8 

10.9 

197.9 

1  .04 

12 

60 

22.73 

19.87 

20.45 

48.8 

1  1  .0 

10.9 

197.9 

1 .04 

13 

70 

22.68 

19.85 

20,38 

48.7 

1  1  .0 

10.9 

198. 1 

1.04 

14 

80 

22.63 

19.86 

20.34 

48.7 

10.8 

10.3 

133.1 

1.04 
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Prcgra?n  Name 

; 

Raw 

data  stored  on  fii 

e:  /•"'SSSy-l^ 

Data 

taken  by: 

.  INCHCCK- 

Tube 

t  yps : 

RECTAWe 

ULAR  FINNhD 

TUBE 

Fin 

spacing , 

width.,  he 

ight;  1.50  1 

.00  0.95  ( 

mm  / 

Tubs 

material : 

STAINLESS-STEEL 

Thermal  conduct ivi ty : 

14.3  ( 

W  /  m— K  / 

Insi 

de  diame 

X  er : 

13.08 

( mm  ) 

Root 

diameter; 

14.24 

( mm ) 

Pres 

sure  condition: 

UACUUN 

Sys  t 

em  power 

: 

S .  30 

■:  K.y ) 

Steam  vsioci 

ty: 

1.36 

( m/s  ) 

This 

ariaiysi 

s  includes 

end-fin  effect 

KEAT 

EX  insert  installed  in  tube 

Enhancements 

based  on 

comparison  to 

Incheck  smooth  tube  data 

Wi  is 

on  Piet 

regression 

coeff-icient  ~ 

0.999 

Ci  (based  on 

Petukhov- 

Popov)  = 

2,100 

Alph 

a  (based 

on  Nusseit)'  = 

0.772 

Enhancement 

( constant 

r^eat  flux)  = 

0.930 

Enhancement 

( constant 

tafip  (jpap  )  = 

0,94? 

Over a i  1 

Outs-ide 

Inside 

Coolant 

Heat  Xfer 

Haai  ^far 

Heat  Xfer 

Heat 

y 

sloci  ty 

Coef f icien 

Goaf f iGient 

Coefficient 

Flux. 

Ts— Twali 

Data 

LMTD 

Uw 

Uo 

Ho 

•  Hi 

Qp 

Txf 

t 

( degC ) 

( m/  s  •) 

> 

) 

( W/m-;2-K  > 

(W/m'’2  ) 

( degC  ) 

1 

I 

29. IS 

4.20 

S.021E+03 

1.089E-i-04 

3 . 330E+34 

1  .7575+05 

16.13 

2 

29.18 

3.S.S 

5.900E+03 

1.032E+04 

3.13335+04 

I  .7225+05 

15.77 

3 

28-86 

3.17 

5.785Et03 

1.108E+04 

3.6785+04 

!  .8705+05 

15.07 

4 

29.13 

2.6S 

5.S32E+03 

1  . 130E+04 

2 .307E+04 

1  .S405+05 

14.52 

c 

w/ 

28. S3 

2.15 

5.3B9E+03 

1  , 1 34E+04 

1.5335+04 

1. .5575+05 

13.56 

6 

28. S5 

1  .64 

S . 053E+03 

1  .1SSE+04 

} .5425+04 

1 .4485+05 

12.42 

7 

28.33 

t .  13 

4.584E+03 

1  .2345+04 

\ .  t24E+04 

1  .2395+05 

10.53 

8 

28.35 

1.13 

4 . 542Et03 

1  .2045+04 

]  .  1 35E+04 

1 .2885+05 

13. 6S 

9 

28  .-77 

.  .S4 

5 i 048E+25 

1 . 1 S3E+04 

!  . 5435+04 

1 . 452E+05 

12.43 

10 

28.49 

2.15 

5 . 373E+03 

1  . 1  355+04 

1 . 5345+04 

1 .5315+05 

13.49 

1  1 

28. SI  . 

2-SE 

5.578E+03 

1 .10S£+t^4 

2.3155+04 

1  .  5SSE+05 

14.42 

12 

28. S5  , 

3.17 

5.7515+03 

1 .094E+04 

2.6395+04 

1  -G 485+05 

15.07 

13 

28.64 

3.S9 

5 . 3485+03 

i  .-0715+04 

3.0515+04 

1  .6745+05 

15,63 

14 

28.61 

4.20 

5 » 935E+B3 

1  .05'^E+04 

3.40BE+04 

1  .5335+05 

IB. 04 

ftVQ 

i  .  !  27g+04. 

1  .5695+05 

13.39 
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Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height: 
Tube  material:  • 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


DRPftLL 

335^2 

INCHECK 

RECTANGULAR  FINNED  TUBE 
! . H0  i , 00  8, 9S, ( mm  ) 

STAINLESS-STEEL 
i4.2  (U/m-K) 

13.03  ( mm ) 

14.24  (mm) 

UACUUM 


Flow 

Room 

Temp 

Inlet 

Temp 

Outlet 

Tsnp 

Steam 

Temp 

Sage 

Press 

Xducer 

Press 

Uoit  S 

Current 

<  pet  ) 

( degC ) 

<  degC ) 

( degC ) 

( degC  > 

( KPa ) 

(KPa) 

(U5 

1 

80 

21.97 

13.06 

19.58 

48.7 

11.4 

1  1  .3 

1  37 .  S 

1 .03 

2 

70 

21.35 

13.21 

19.77 

48.7 

11.4 

11.4 

158.0 

1.04 

3 

D0 

21.97 

19.32 

19.94 

48,7 

1 1  .4 

11.3 

1B7.9 

1  ,04 

4 

50 

21  .67 

19.28 

19.92 

48.7 

11.4 

11.3 

197.9 

1  .04 

5 

40 

21  .51 

19.28 

20.1! 

48.7 

1 1  .3 

11.4 

198. 1 

1  .04 

e 

30 

21.43 

19.35 

20.36 

48.7 

1  1  .4 

1 5.3 

198.0 

1  .04 

7 

20 

2!  .47 

19.54 

20.85 

48 .  S 

11.4 

1 1  .5 

197.9 

1  .04 

8 

20 

21.41 

19.47 

20.79 

48. 7 

1  1  .-4 

1  1  ,3 

197,8 

1 .04 

3 

30 

21  .25 

19.28 

20.30 

48. S 

1 1  .5 

1  1  .3 

198.0 

1 .84 

10 

40 

21 .38 

13.17 

20.01 

43.8 

1  1.4 

1 1  .4 

138.1 

1  .04 

11 

50 

21 .33 

19.11 

19.82 

48.7 

1 1 .4 

t  1  .3 

198.3 

1  .04 

12 

60 

21  .36 

19.06 

19.88 

48.5 

11.3 

I  1  .3 

138.  1 

1.04 

13 

78 

21.33 

19.20 

19.77 

43.7 

1  1  ,4 

1  1  .3 

198.0 

1  .04 

14 

80 

21.43 

19.19 

13.71 

48.7 

1 1  .3 

1  1  .4 

198.3 

1  .04 
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Program  Name : 

Raw  data  stored  on  file: 
Data  taken  fay: 

Tube  tyse: 

Fin  spacing,  width,  height 
Tufas  material: 

Thermal  conductivity: 
Inside  diameter: 

Root  diameter: 

Pressure  condition: 

System  power'. 

Steam  velocity: 

This  analysis  includes  end 


DRPftLL 

335v'2 

INCHEGK 

RECTANGULAR  FINNED  TUBE 
i,59  1-00  0.SS  (mm) 

STAINLESS-STEEL 
14.3  (U/m-H.) 

■■  13.08  ’'mm) 

•  •!i4»,-24  4 mm) 

<  UACULiH 
..  €-.81  (KW) 

1.97  ipi/S  ) 

Pin  effect 


HEATEX  insert  installed  in  tuba 

Enhancements  based  on  comparison  to  inchecfi  smooth  tuoe  da^-c 


Wilson  Plot  regression  coefficient  == 

Ci  (based  on  Petukhov-Pcpav  )  =  2-408 

Alpha  (based  on  Mussel t  )  0.832  • 

Enhancement  (constant  heat  flux)  ® 

Enhancement  (constant  temp  drop?  * 


Overall 


Coolant 

Heat  Xfer 

U 

elocity 

Coefficient. 

Date 

LNTD 

Uw 

Uo 

t 

<  degC ) 

( m/s  ) 

(W/m^Z-K ) 

1 

29.41 

4.20 

6 . 300E+03 

2 

29.25 

3.63 

S.  194E+03 

3 

29.07 

3.17 

6 . 087E+03 

4 

29.11 

2.66 

5.  S15E+03 

5 

23.04 

2.15 

5 . 542E+03 

B 

28.84 

1  .64 

5 . 30 1 E+03 

7 

2S.41 

1.13 

4.808E+03 

8 

28.55 

1.13 

4.73SE+03 

a 

u 

28.85 

1  .64 

5.507E+02 

10 

23.18 

2..  15 

5. 662 E+03 

1 1 

23.13 

2.55 

5,8G2E+03 

12 

23.17 

3.17 

S . 068E+03 

13 

23.13 

5. S3 

S.203E+03 

14 

Avg 

23.28 

4.20 

6.237E+03 

Outside 

Inside 

Heat  Xfer 

Heat  Xfer 

Heat 

Coefficient 

Coef  f icient 

Flux 

.  Ho- 

•  Hi' 

Qp 

(W/m''2-K  ) 

( l«/:m''2-K ) 

{W/m'‘2  ) 

i.ie3£+04 

3 .  §49E'^®4 

1 .S53E+05 

1 . 174E+a4 

3 . 1 94E+04 

1 .8T3E+05 

1 . 1 97E+04 

2,8I0E+04 

1 .769E+0S 

1 .217E+04 

2.421E+04 

1 .7228+05 

1 i224E+04 

^.025E+04 

1 .B38E+05 

1 .Z55E+04 

1 .618E+04 

1 .529E+05 

1 .530E+04 

1  . 1 8SE+04 

i .366E+05 

1 .324E+04 

t .  1 87E+04 

1 ,370E+05 

1 .2525+04 

1  ,g'|5E+04 

1 .531 E+05 

1 .2346+04 

2.023E+04 

1 .552E+95 

1 . 1 95Et04 

2;4l8E+04 

1 .7115+05 

1 .19lE+^4 

2l802Et04 

1 . 770E+05 

1 .1773+04 

3,184E+04 

1.311 E+05 

1 . 1g2E+04 

3,56iE+04 

1 ,844E+05 

1 .22iEt04 

1 .670E+05 

Ts-Twai 1 
Txf 

(  degC ) 

15.83 

15.44 

14.79 

14.15 

13.39 

12.19 

10.27 

10.35 
12.13 
13.39 
14.32 
14. SB 

15.35 
15.87 
13.75 
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program  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing j  width,  height: 
Tube  material: 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


drpAll 

S126U1 

INCHECK 

RECTANGULAR  FINNED  TUBE 
1.53  1,03  1  . 26  ,(  mm  ) 

STAINLESS-STEEL 
14.3  <W/m-K) 

13.38  ( mm ) 

14.21  (mm> 

UACUUH 


Room 
Flow  Temp 
(pet  )  (degC) 


1 

80 

21  .53 

2 

70 

21  .38 

3 

60 

21.96 

4 

53 

21  .85 

5 

40 

21  .58 

6 

30  ' 

21  .82 

7 

20 

21  .87 

S 

23 

21.92 

3 

30 

21.35 

10 

40 

21.53 

1  1 

50 

22.03 

12 

60 

22-15 

13 

70 

22.13 

14 

30 

22.12 

Inlet 

Outlet 

Temp 

Temp 

( degC  > 

( degC ) 

23.38 

20.85 

20.42 

20.92 

20.48 

21  .04 

20.29 

20.93 

20.31 

21  .08 

20.32 

21  .23 

20.45 

21  .64 

20.42 

21  .62 

20.  1 1 

21  .03 

■15.98 

20.74 

19.9! 

20.56 

20.03 

'  ■  20. SB 

20-06 

20.57 

20.06 

20;  53 

Steam ■ 

Gage 

T  emp 

.  press 

( degC ) 

(KPa) 

43.7 

10.5 

48.6 

10.3 

48.6 

10.4 

48.8 

10.9 

48.9 

1  1.0 

48.  S 

76.1 

43.8 

1  1 .0 

48.8 

10.8 

48.7 

13.9 

43.8 

1  1  .0 

48.7 

10.9 

48.8 

10.9 

48.8 

10.9 

48.8 

13.9 

Xducer 

Press 

Uolts 

( KPa )  .. 

.  ( U ) 

10.9 

137.3 

10.3 

158.0 

10.3 

19S.! 

1  I  .0 

138.1 

1  f  .0 

198.0 

1  1  .0 

198.2 

!  1  .3 

197.6 

1  1  ,0 

197.9 

10.9 

198.0 

10,9 

157.7 

10.9 

137.3 

10.9 

137.7 

10.9 

1S7.6 

10.9 

198.1 

Current 


r.04 
1  .04 
1  .03 
1  .04 
■1  .04 
1  .03 
1,03 
1  .03 
1  .04 
1.03 
1  .04 
1  .04 
1  .04 
1  .04 
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Progran  Namei 

Raui  data  stored  on  files 

Data  taksn  by: 

Tiibe  type: 

Fin  spacing,  width,  height: 
Tiibe  r^ater ial : 

T  h  s  r  a  i  conductivity; 

Inside  d  i  a rie t  ^sr ; 

Root  diameter: 

Pressure  condition: 

System  power: 

Steam  velocity: 

This  analysis 
HEAT EX  Insert  i 
Enhancements 


ORPAUL 

RECTANSULAR  FINNED  TUBE 
1,50  1,00  1.26  (mm) 

STAINLESS-STEEL 
14.3  ( ) 

15.06  (mm) 

14.21  (mm) 


UACUUN  .■ 

S .  8  0  ( K  W  / 

1  . 3S  i m/ 5  ) 
includes  end-fin  effect 
stalled  in  tube 
based  on  comparison  to  Incheck  smooth  tube  data 


Wii 

son  Plot 

regression 

coaf  f  iciervt 

«  0.998 

Ci 

(based  on  Petukhov-P 

opov  )  . ' 

■»  2 . 0@B 

Alpha  (base 

d  on  Niisselt 

) 

0^746 

EnhaffCement 

(constant  heat'‘flM>:) 

*  0.888 

Enhancement 

(constant  temp  drop) 

»  @.^!S 

Overall 

•Oytside 

Inside 

Coolant 

Heat  Xfer 

Haat  Xf«K 

: Xfer 

Heat 

Velocity 

Coefficient 

Coelf  iclwi 

Coefficient 

Flux 

Ts-Twal 1 

Data 

LMTD 

Vw 

U'o 

•Hq 

•  Hi 

■  Qp 

T>;f 

-}f 

•n* 

( degC ) 

<  Pl/s  ) 

<W/|v,"2-K  ) 

( W/m''2-K  ) 

IW/i^v'Z-K  > 

(W/fti"2 ) 

( degC  > 

1 

28.11 

4,20 

5.94SE+03 

■  1 .0S3E+04 

3.27iE+04 

1 .87IE+0S 

15.72 

'7- 

27.95 

3.69 

5.807E+03 

1 .06tEr34 

2.931E+04 

1 .S23E405 

15.38 

3 

27.82 

3.17 

5 . 685E+03 

1 .07SE404 

2.§e5£+04 

1 .561 E+05 

14.72 

4 

28.20 

2. BE 

5 . 4S3E+03 

! .077E+84 

e‘22SE+04 

1 . 54SE+05 

14.36 

5 

2S.20 

2.15 

5.225E+03 

1  .082E+04 

1 .SG1E484 

1 .474E+05 

13, B2 

E 

28.05 

1 ,64 

4.S08E+03 

1  . 189E+04 

I .484E+04 

1 . 377E+05 

12.42 

7 

27.78 

i  .13 

4.475ET03 

1 .  ig2E+04 

1 ,090E+04 

1  . 243E4-0S 

10.43 

8 

27.77 

1 .13 

4.489E+03 

1  . 203fc'l'04 

V.083E+04 

1 .24GE+05 

10.37 

3 

2S.17 

!  .64 

4 . 923E+03 

1 .1 18EtQ4 

1 .480E404 

1 . 3S7E+05 

12.48 

10 

28.40 

2. 15 

5.247E+03 

1  .094E+04 

1 .854E+04 

1 .490E+05 

13.62 

1  1 

28. 5t 

2. SB 

5.4S3E+83 

1 .072E+04 

2.21SE+04 

1 .557E405 

14.53 

12 

28.41 

3.17 

5.S55E+03 

1 . 0BGEt04 

5 . 575E+04 

1  .50SE-i-85 

15.07 

13 

28.47 

3.69 

5.774E+03 

1  .051.E+04 

2.S20E+04 

1 .S44E+8S 

15.84 

14 

28.49 

4.20 

5 . S53E+03 

1  .035Et04 

3.2B0E+84 

1 .Ge8£+05 

15.1  ! 

Avg 

1  .0935-^-34 

! . S08E405 

1 3 . 86 
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Progran  Name^: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type; 

Fin  spacing:,  width,  height: 
Tube  material : 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


ORPALL 

SIZGVZ 

INCHECK 

RECTANGULAR  FINNED  TUBE 
1.53  I  ,  I  ,Zb'  (mm  > 
STAINLESS-STEEL 
(4'.  J 

To.B’S  (mm  y 
14.2!  ( mm ) 

UACUUn 


Room 

Inlet 

Outlet 

Steam 

5age 

X'ducer 

Fiou) 

Temp 

Temp 

Temp 

Temp 

Press 

■press 

.’'ypl't-s 

Burre-nt 

(pet  ) 

{ dsgC  / 

<  dagC ) 

{ degC ) 

CdegC ) 

i  KFa  )' 

i  KFa  r 

1 

80 

22.98 

13.71 

20.20 

48.8 

■  r®;5 

•1 1  :d 

158.1 

1.  :m 

n 

70 

23.06 

19.86 

20.38  ■■ 

43.3  ■ 

rer,  5 

10.9 

f  38'.  f 

1  . 04  ' 

3 

60 

22.95 

19.96 

20.54 

48.7 

10.4 

1'0.B 

■‘187  .'B 

■  '5  .'54 

4 

50 

23.12 

19.86 

20.51 

48.6 

r^vs' 

1 0".  5 

195  .  ! 

■  r:m 

5 

40 

22.38 

19.89 

20. 6S 

48.  S 

■70.5 

110  .'9 

■15B.1 

-1  .■®-4 

S 

30 

23.15 

19.98 

20.92 

48.9 

r0'.5 

11.0 

fST.T 

r.m 

7 

20 

23 -.04 

20.15 

21.38 

43.8 

■re.b 

1t.-0 

15B.0 

i-.e4 

8 

20 

23.14 

20.13- 

21.36 

■  4sr.s 

■  fW.  s 

i  r.  0' 

!-37;/S'"' 

r.0’4 

9 

30 

23.21 

19.90 

20,84 

43.7 

W.5  ■ 

■10,5 

■■T57.B 

■  r.'0‘4 

10 

40 

22.08 

19.81 

20.58 

48.7 

■  f0.a 

10.5 

13F.0' 

l  .0  ‘4 

1 1 

50 

22.15 

19.74 

20.40 

48.6 

■’TS-o 

■  1'0.'S- 

"TBT  .'1 

-)  :^4 

12 

S0 

22.08 

19.93 

20.51 

48.6 

rr.  5'  ■ 

l'J.5 

I'SBVJ 

r.M'" 

13 

70 

21  .29 

19.94 

20.46 

48.6 

V0.S 

■•T0;5 

1  .04 

14 

30 

2!  .23 

19.95 

20.43 

43.5  ■ 

r0':5 

10.g- 

r95: 1' 

r.m 
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Program  Nar^e 

: 

DRPALu 

Raw  data  sto 

red  on 'file 

'51,2SU2 

Dat  8 

t  a  k  e  n  u  y ;  • 

Tuba 

type: 

SECTANSULAf!  FINNED 

TUBE 

Fin  2 

pac ing  , 

width:  hei 

ght:  1.-50  1 

i 00  [ . 2  B  ( 

mm  ) 

Tube 

materia 

i ; 

STAINLESS-STEEL  . 

Thernai  conductivity*  * 

i  4  » 0  ( 

Inside  diame 

ter: 

13.03 

( nr-  ) 

Root 

diameter: 

14.21 

<  mm ) 

Pressure  condition;- 

VACUUM 

Systen  power 

4HW) 

Stean 

veioci 

ty: 

1  ■.  36 

(r-i/o  > 

This 

analysi 

s  includes 

enp-'fin  e^f  feo 

V 

HEATEX  inser 

t  installed 

in  tube  • 

Enhan 

cements 

based  on  comparison  to 

Incrteck  smooth  tube  det 

a 

wiiso 

■n  Plot 

regression 

coefficient  = 

1  .030 

Ci  (based  on 

Petukhov-P 

opov ) 

2.08S 

Alpha 

( based 

.on  Nussslt 

) .  ^ 

0 . 760 

Enhancement 

(constant  h 

e » t  flux)  ^ 

0.'312 

Enhancement 

(constant  temp  drop)  ^ 

a.S35 

Overall 

Out  Sid© 

Inside 

Coolant 

Heat  Xfer 

i:|eei  Xfsr 

Hast  Xfar 

Heat 

Velocity  ' 

Coefficient 

Cost  f iciant 

Coefficient 

.  Flux 

Ts-Twail 

Data 

LMTD 

Vw 

Uo 

■  Kq 

'  Hi 

Qp 

Txf 

t 

( deQC ) 

< m/s  ) 

<W7m"2-K  ) 

( W/m‘"2‘-K  ) 

(W/w'-2-K) 

(Ui/m"2) 

( degC ) 

1 

2S.21 

4.20 

5.9326+03 

1 . 0B4  51-04 

3 . 372E'^04 

1  .729E+0S 

16. 26 

O 

jL, 

28.65 

3 .  B9 

5.903E-r©3 

) .080E+04 

3.025E+04 

1  .B31E+05 

15.85 

3 

28.42 

3.17 

5.745E+03 

1 .0S0E+04 

2.S70E+04 

1  .6336+05 

IS.t  1 

4 

2S.4B 

2. SB 

5.574E+-03 

1 .334E+04 

2 . 300E+04 

t  .58BE+05 

14.50 

5 

28. S0 

2.15 

5.341 E+03. 

!  .  i't  0E+04 

! . 924E+04 

!  .5225+05 

13.72 

6 

28.45 

1  .54 

5.02SE+03 

1 . 1 33E+04 

1  . 535E+04 

1 . 430E405 

12.55 

7 

28.03 

1 .13 

4.563E+03 

1 .206E+04 

1 . 128E+04 

1  .279E+05 

10.60 

8 

2S.02 

1.13 

4.571E+03 

1 .2i3E+04 

1.1286+04 

1  .281E+05 

10.56 

o 

28.51 

1  .54 

5 . 

1 . 142E+04 

1 .5346+04 

i  .424E+05 

12.47 

10 

28.48 

2.15 

5.322E+03 

! , 1 02E+04 

1 . 922E+04 

1  .51SE+05 

13.76 

1  1 

28.53 

2.66 

5 . 584E+03 

1  .0S8E+04 

2.237E+04 

1  .593E+05 

14.50 

12 

28.44 

3.17 

5.747E+03 

1  .082E+@4 

2.SB9E+04 

1  .  S3SE+05 

15.1  1 

13 

23.45 

3.59 

5.330E+03 

! .072E+04 

3.023E+04 

i  .673E+05' 

15.61 

U 

28 . 47 

4.20 

5.S75E+83 

1 ,0SlE+04 

3.380Er04 

!  .7015+05 

i  3 . 04 

Avg 

1 .  n  05404 

1  .S50E+05 

(4.03 
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Program  Name  t 

Raw  data  stored  on  file: 

Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height: 
Tube  material: 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


DRPALL 

S142U3 

INCHtCK 

RECT, INSULAR  FINNED  TUBE 
i ,50  1,00  1 -42-  (mm  ) 

STAINLESS-STEEL 
!4.3  (W/m-K) 

13.10  <  mm ) 

14,28  (mm) 

UACUUM 


Room 
Flow  Temp 
<  pet  )  ( degC  ) 


Inlet  Outle 
Temp  Temp 
( degC  )  ( degC 


Steam 
Temp 
( degC ) 


Sage  Xducer 

Press  Press  Uoits  Current 

(KPa)  (KPa)--  (U) 


1 

80 

20.29 

17.39 

2 

70 

20.32 

17.48 

3 

S0 

20.28.; 

17.53 

4 

50 

28.34 

17.39 

5 

40 

20.31 

17.43 

G 

30. 

20. 2B 

17.48 

7 

20 

20.35 

17.63 

8  ‘ 

20 

20.30 

17.S2 

9 

30  • 

20.31 

17.36 

10 

40. 

20.34 

17.24 

1  1 

50 

,  20.35 

17.  IS 

12 

50 

20.34 

17.10 

13 

70 

20.32 

17.23 

14 

80 

20.34 

17.24 

17.87 

48.  B 

10.9 

18.00 

48.7 

11.0 

18.11 

4817 

11.0 

13.07 

43.7 

11.0 

13.22 

48.5 

10.9 

18.45 

'48;.  7 

10.8 

18.88 

,  48. S 

10.9 

18.88 

48.3 

10.3 

1.8.33 

48.6 

10.7 

13.04 

48.5 

10 . 3 

17.83 

48.7 

10.9 

17.63 

48.6 

10.8 

17.75 

48.6 

10.8 

17.72 

■  48.8 

10.9 

10.9 

198.0 

I  .03 

10.9 

198.0. 

1  .03 

10.3 

198.0 

1  .03 

11,0 

137.9 

'  1.03 

10.9 

198.1 

i  .03 

10.9 

19S.2 

'1,03 

10.8 

198.1 

1  .03 

10. S 

193.3 

1.03 

10.8 

198.6 

1.03 

10.9 

1  98 . 0 

1  .03 

10.9  . 

197.7 

1  .03 

10.9 

137.7 

■'1.03 

10. S 

198.0 

1  .03 

10.9 

138.2 

1  .03 
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Prograf«  Maine: 

Rato  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  widih,  height 
Tube  (material: 


DRPrvLL 

SH2U3 

2  ui  b  ritr.U4^  ‘ 

RECT^MSULAR  FINNED  TUBE 
I ,50  { .00  1 .42  (nm ) 

STRINLESS-STEEL  - 


Thernai  conduct i vi t y : 
Inside  di.aneter: 

Root  diameter; 

Pressure  condition: 
System  power: 

Steam  velocity: 

This  analysis  includes 
MEATEK ' insert  installs 
Enhancement s  based  on 


14,3  (W/n-K) 
13,10  (mm ) ‘ 
i4.2S  (mm) 
U,4CUUH 
8,81  (KW) 
t  . 97  C  m/s  ) 
end- fin  effect 
d  in  tube 

comparison  to  Inch.eck 


5 mo crth  tube 


da 


Wilson  Plot 

regression 

coefficient 

=i  1  .000 

Ci  < 

based  on 

:  Petukhov-'Popov  ) 

n  2.:r3S 

Alpha  Cbasec 

!  on  Nusselt 

) 

=>  0.708 

Enhancement 

(constant  h 

eat  flux) 

=;  8.829 

Enhancement 

(constant  temp  dr.qp; 

s  0^863 

Overall 

O^itaide 

Ineide 

Coolant 

Heat  Xfer 

Hsct 

H-siflt  Xfer 

Heat 

Velocity 

Coefficient 

Coefficient 

Coef-f  icient 

.f^lux 

Ts-Twail 

Data 

LliTD 

Uo 

H'5 

^  Hi 

Qp 

Txf 

# 

( dsgC ) 

( m/s  ) 

<W/n''2-K  1 

(W/pi'-S-K  ) 

(W/m''2-K  ) 

<  W/n'‘2  ) 

( degC ) 

I 

3!  .33 

4.13 

5-503Et05 

9,4 125+03 

3,3585+84 

1 .7895+05 

1 8 . 1 B 

n 

c 

30.93 

3. 67 

5.4625+03 

9 . 6075+03 

3'.:0!  15+04 

1,5905+05 

17.59 

3 

30.87 

3.16 

5.3425+03 

3,5675+03 

2 . 6S5E+84 

1 .6495+05 

17. 0E 

4 

31  .01 

2.65 

5.2225+85 

9.8825+03 

2.2865+04 

t . 6 ■ 95+05 

16.36 

30. 78 

2.14 

4 . SSI E+03 

9.91.SE+03 

1,9125+04 

1 .5365+05 

15,49 

S 

30.  SS 

1 .63 

4.7405+03 

! .0285+04 

•1  .5255+04 

1 , 4555+05 

14.15 

7 

30.30 

1.12 

4.2965+03 

1 .0675+04 

I  .  i 2 1 5+04 

1 .3025+85 

12.20 

0 

30 . 32 

1.12 

4 . 3055+03 

1 .0735+04 

j  .1215+84 

1 .3055+05 

12.17 

a 

30.74 

1  .63 

4 .7435+03 

] .0312+04 

,  1 .5235+04 

i .4585+05 

14,14 

10 

38.39 

2.14 

5.01 55+03 

1  .00;2E+b4 

1 . 9085+04 

1 .5545+05 

15,51 

1 1 

31.19 

2.55 

5.1935+03 

6,7S8e+P- 

2.2885+04 

1 .6285+05 

16.54 

t  7 
i  C. 

31 .17 

3. IS 

5. 3435+03 

3.' 7 1 85+03 

2 . 6425+04 

1 .6575+85 

17,17 

13 

31.14 

3,67 

5.4355+03 

9,5315+83 

3.0825+04 

1 .6935+05 

17.76 

1  4 

31  .31 

4,19 

5 . 5545+03 

3 .4385+03 

3 . 3525+84 

i .7335+05 

13.26 

Avg 

3.9305+03 

1 .5715+05 

15.30 
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Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type; 

Fin  spacing,  width,  height: 
Tube  skater iai; 

Thermal  c o n due t i v i t y ; 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


DRPALL 
S 142^4 
INCHECK 

RECTANGULAR  FINNED  TUBE 
j.a0  1,00  l.42-<mm) 

STAINLESS-STEEL 
14.3  <y/m-K) 

13.10  ( mm  ) 

14,23  (mm) 

UACUUM 


Room 
Flow  Temp 
( pet  )  ( degC  ) 


! 

60 

13.81 

2 

70 

13.83 

3 

S0 

13.86 

4 

50 

19.88 

5 

40 

19.35 

S 

30 

19.85 

7 

20 

19.85 

3 

20 

13.74 

9 

30 

19.74 

10 

40 

19,75 

!  1 

50 

19,73 

1 2 

50 

19.77 

1 3 

70 

19.76 

!4 

80 

15.75 

Inlet 

Outlet 

Temp 

Temp 

( degC ) 

( degC ) 

17.24 

17.73 

17.30 

17.83 

17.35 

17.34 

17.17 

17.85 

17.13 

18.00 

1  7  79 

18,20 

17.38 

18.65 

17.46 

18.73 

17.14 

18.11 

17.03 

17.83 

16.35 

17.63 

16.92 

17.52 

17.06 

17.60 

17.06 

17. SS 

Steam 

Gage 

Temp 

Press 

<  degC  ) 

1  KPa  ) 

48.3 

1 1  .’-G 

48.3 

1 1  .0 

48.7 

1  1  .0 

48,6 

1  1  .0 

48.7 

1 1  .0 

43.7 

11.0 

48.7 

11.0 

48.7 

1 1  .3 

48.3 

1  1 .0 

48,6 

1  1  .0 

48.7 

11.0 

48.7 

10.3 

48.7 

1  1  .0 

48.7 

1  1  .0 

Xducer 

Press 

Uoi  t  3 

(KPa)  - 

<y ) 

10,5 

138.0 

10.9 

198.0 

10.8 

197.9 

10.3 

193.0 

10.9 

198.2 

10.9 

198.0 

10.9 

193.0 

10.8 

137.9 

10.8 

137.9 

10.3 

138.0 

10,8 

198.1 

10.9 

198.0 

10.8 

158.0 

10.9 

198.1 
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Curren 


1  .04 
1  .04 
1  .04 
1  .03 

!  .  0w 

t  .03 
1  .04 
1  .04 
\  .04 
1  .04 
1  ,04 
1  .04 
1-.04 
1  .04 


ProQretf}  Name:  DRFALL 

Raw  data  stored  on  xil&:  5142L*4 

Data  taken  by:  -  •  INfHEGK 

Tube  type;  '  ..  ■  .RSCTfiNSULftR  FINNED  TU8E 

Fin  spacing,  width,  height:  .  t*S0  i  .80  i.42  (mm) 

Tube  material:  .  '  ST/iINLESS-STEEL 

Thermal  donduct i vit y ;  ■  .t  14*, 3  (W/m-K) 

Inside  diameter:  13.18  (mm) 

Root  diameter:  ■  I  4. ZB  (mm) 

Pressure  condition:  VACUUM 

System  power:  •  S.S1  <K‘4) 

Steam  velocity:  1.3S  (m/s) 

This  analysis  includes  end-fin  effect 
UEATEX  insert  installed  in  tube 

Enhancements  based  on  comparison  to  Incheck  smootli  tube  data 

Wilson  Plot  regression  coefficient  ~  8.3B9 
Ci  (based  on  Petuknov-Ropav  )  2.06B 


Alpha 

( bass 

d  on  ^4us3eit^ 

) 

=  0.725 

Enhancement 

(constant  heat  flux) 

=  0.85G 

Enhan 

cenG  n t 

(constant  temp  dr-op )  ^ 

=  0.396 

Overai  i. 

r 

Outside 

Inside 

Coolant 

Heat  Kfer 

Heat  Xfer 

Heat  Xfar 

Heat 

Us 

loci ty 

GoePf icignt 

Cce  P  Pic  lent 

CoeP  ricient 

Flux 

Ts-Twal 

Date 

LMTQ 

Vw 

Uo 

Ho 

Hi 

Qp 

Txf 

t 

( dsgC  / 

< pi/s  ) 

(W/sn'-Z-K  ) 

(U/m-'2-K) 

(W/m'Z-K  > 

<W/m'‘2  ) 

( degC ) 

} 

1 

31  .3S 

4.19 

5.547E+03 

9.S23E+03 

3.242E+0'4 

1.7395405 

18.06 

31  .25 

3.G7 

5.4975+03 

9.S3GEf03 

2,a0SE+04 

i .718E+05 

17.46 

3 

31  .07 

3. IS 

5.3SSE+03 

9. S 335+03 

2,5G2E+04 

1 .BS8E+05 

1S.S5 

4 

31.14 

2.G5 

5.2S0E+03 

1 .01SE+04 

2.20GE+04 

1 .635E+05 

16.10 

5 

51,10 

2.14 

5 . 05SC+03 

1 .040E+64 

1 , 645E+04 

i .573E+@5 

15.  12 

S 

30. 5G 

1  .63 

4 . 723E+03 

1 .04SE+04 

1  ,47'lE+04 

! .4G2E+05 

13.95 

7 

30.71 

1.12 

4.299E'f  03 

1  . 1  1 1E+04 

1 .081E+04 

1 .320E+05 

1  1  .S3 

8 

30. G1 

1.12 

4,2915+03 

1 . 1 045+04 

1 ,032E+04 

1 .513E+05 

11.30 

9 

31  .00 

1  .63 

4.724E+03 

1  . 04.95+04 

1 .470E+04 

1 .464E405 

13, 3G 

10 

31.21 

2.14 

5.043E+@3 

1 .035E+04 

1  .84tE+-04 

1 .574E+@5 

15.21 

1  1 

31  .40 

2.G5 

5.206E+03 

1 .001E+04 

2.2005+04 

! .B3GC+05 

1 S  .33 

12 

31  .49 

3.  IS 

5.370E+03 

9. 32  IE +03 

2.550E+04 

1 .691E+05 

17.04 

i  7 

31  .41 

3.67 

5. 5S'2E-*03 

1 .0035+04 

2,8985+04 

1 .74BE+0S 

17,38 

14 

31  .39 

4.19 

5.5S7E+03 

9,G35e+03 

3.23GE+04 

i .748E+05 

i  3.03 

hvg 

1 .032^+04 

! .592E+0S 

15.56 
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Prograro  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type-' 

Fin  spacing,  width,  height: 
Tube  material : 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


DRPftLL 

3t42'J5 

INCHECK 

RECTANGULAR  FINNED  TUBE 
! , 50  1.00  1 . 42  ( mm ) 

STAINLESS-STEEL 
14,3  <W,Lm-K> 

15.10  <mm) 

14.2S  (mm) 

UACUUM 


Room 

Inlet 

Flow 

Temp 

Temp 

(pet  > 

( degC } 

( degC ) 

1 

30 

19.56 

18.13 

2 

70 

19.56 

18.03 

3 

S3 

19.5? 

17.93 

4 

50 

13.53 

17.74 

5 

40 

19.60 

17.65 

B 

33 

13.62 

17.65 

7 

20 

19.31 

17.62 

8 

20 

19.63 

17.55 

3 

33 

19.63 

17.48 

10 

40 

19.64 

17.18 

1  1 

50 

19.64 

17.17 

12 

S0 

13.53 

17,  1  1 

13 

70 

19.63 

17.25 

14 

80 

19.63 

17.23 

Out  let 

Steam 

Gage 

Temp 

Temp 

Press 

<  degC ) 

\  degC ) 

( KPa  i 

18.61 

43.9 

10.3 

18.54 

48.6 

10.8 

18.56 

48.7 

10.6 

18,41 

48.7 

10,8 

18.44 

48.6 

10.8 

13,53 

48.  S 

10.6 

18.89 

48.. 9 

10,9 

13.81 

48.8 

10.8 

18.45 

48 . 6 

10.8 

17.96 

48.7 

10.5 

17,85 

48,7 

10.8 

17.71 

48.7 

10.8 

17.79 

48. B 

10,7 

17.72 

48.6 

1^.5 

Kducer 


Press 

Volts 

Current 

(KPa) 

(V) 

1 1 .0 

1  97.S 

1  .04 

10.9 

193.0 

1.02 

10.9 

198.0 

1.03 

10.3 

198. 1 

1  .03 

10.9 

198.1 

1  . 04 

10.6 

198.1 

1  .33 

10.9 

193.2 

1  .03 

10.9 

198.0 

1  .03 

10.9 

197.9 

1  .03 

10.9 

198.2 

1  .03 

10.9 

138.0 

1  .03 

1  1  .0 

198.0 

1  .03 

10.8 

198.0 

1  .03 

10.9 

198.  1 

1  .03 
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Prograr^i  Narie 

: 

DRP.4LL 

Raw 

data  s t o 

red  on  file 

3142^5 

Data 

taken  by: 

iWCHECK 

Tube 

type: 

RECTANGULAR  FINNED 

TUBE 

Fin 

spacing  , 

width,  hei 

ght :  1,50  1 

.30  I .42  ( 

mm } 

Tube 

materia 

1 : 

STAINlESS~S i EEL 

Tharnai  conduct iv i ty ; 

14.3  ( 

W/m-K  ) 

Inside  dianeter: 

!  3 . 1  0 

( mm  ) 

Root 

diameter : 

14,28 

( mm ) 

Pressure  cbnditiGn: 

VACUUM 

System  power 

j 

■  B  .  S 1 

( KW  } 

Steam  veloci 

ty: 

i  .57 

(m/s  ) 

This 

anaiysi 

5  includes 

end””fin  effsc 

t 

HEATEX  insert  installed 

in  tube 

Enhancement  s 

based  on  c 

omparlson  to 

Incheck  smooth  tube  data 

Wilson  Plot 

regression 

ccefficiant  ^ 

®,997 

Gi  (based  on 

Petukhov-'Popov  >  ^ 

Is  1!  2 

Alpha  (based 

on  iMusselt 

/  »  «* 

0.112 

Enhancement 

(constant  heat  flux)- 

0.335 

Enha 

ncenent 

(constant  t 

emp  drop  >  - 

0.S74 

Overall 

Outside 

Inside 

Coolant 

Heat  Xfer 

Heat  Xfer 

jHeat  Xfer 

Heat 

Velocity 

Coefficient 

Gcafficient 

Coefficient 

F 1  u;<. 

T  s-Twai 1 

Data 

LflTD 

Uw 

Uo 

Ho  ■ 

Hi 

Qp 

Txf 

# 

<  degC ) 

(m/s  ) 

(W/n'-Z-K  > 

( W/m'‘'2rK  ) 

(W/m-'Z-K  ) 

( W/m"'2  ? 

( degC ) 

) 

30.53 

4. IS 

5.5!2Et03 

9‘c 

3.348E+04 

!  ,583E+05 

17.85 

2 

30,31 

3.67 

5.451E+03 

9 .  SS7E-^05 

2-,835E+04 

1  .8S2E+05 

17,23 

3 

30.43 

3.16 

5.31 3E+@3 

S,S V2£+a3 

2.S3SE+04 

1 .613E+05 

18,84 

4 

30,60 

2.65 

5.206Et03 

3 . 858E+03 

2,270E+04 

1  . 593E+05 

15,15 

5 

30.57 

2.14 

5.028E+03 

1 ,01 1E+04 

I .89SE+04 

1 .537E+05 

15.20 

B 

30.49 

1  .63 

4,724E+03 

^  ,Q2SE+04 

t .51 1E+04 

1  .440E+05 

14.01 

7 

30.54 

1,12 

4.288Et03 

1 ,0?5Et04 

1 . 108E+04 

1,31  0E+05 

12.18 

8 

30.58 

1.12 

4 . 236E+03 

I  ,08i'E+®4 

1 . I 07E+04 

1  .313E+05 

12.15 

9 

30.57 

!  .63 

4,787E^03 

1 .0eaE+04 

1 -508E+04 

1 .458E+05 

13.86 

10 

31.11 

2.14 

4.871E+03 

9.315E+a3 

1 . 885E+04 

1  .547E+05 

15.60 

!  1 

31.19 

2.65 

5.222E+03 

3.34S£r03 

2 . Z55E+04 

1 .523E+0S 

16.37 

}  2 

31  ,32 

3.15 

5 . 530Et03 

9,SaiE+03 

2.61 2E+04 

1 .638E+05 

17.06 

13 

31  .07 

3.57 

5.532E+03 

9 . 8?4£t03 

2.969E+04 

1 .719E+05 

17.41 

14 

31.10 

4.19 

5.534E+05 

3  *  76>4E"J'33 

3.314Et04 

1  . 740E+05 

17.33 

Pi  V  g 

1 .0335+04 

1 .557Et05 

15.70 
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Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type; 

Tube  materiai:- 
Thermal  conductivity: 
inside  diameter; 

Root  diameter: 

Pressure  condition: 


DRPALL 
SSMTftZ 
INCHECK 
SMOOTH  TUBE 

stainless-steel 

14.3  (U/m-K  ) 
13.21  ( mm ) 

14.10  <  mm ) 
ATMOSPHERIC 


Room  Inlet 
Flow  Temp  Tamp 
( pet )  i degC  )  ( degC  ) 

t  83  20.01  17,92 

2  70  20.01  13.39 

3  B3  20.02  18.51 

4  50  20.00  18.61 

5  43  20.00  18.76 

6  30  20.37  18.52 

7  20  20.08  19.05 

S  20  20.04  19.05 

9  30  20.36  19.05 

10  40  20.08  18.9:3 

•1  50  20.10:  13.18 

60.  20,13  13.20 

70  20.15  19.40 

14  80  20.16  19.47 


Out  let 

Steam 

Sage 

Temp 

Temp 

Press 

( degC  ) 

<  degC ) 

( KPa ) 

13.29 

100.1 

100,7 

19.92 

100.0 

let  .0 

20.36 

103,.  1 

1 80 . 9 

20.  SI 

100.0 

103.7 

21.15 

108.0 

108.5 

21.90 

100.1 

100.0 

23.07 

100.1 

93.9 

23.08 

100.1 

103.0 

22.04 

108.1 

100.0 

21.39 

100.0 

99.6 

21.18 

108,1 

99.8 

28.  S3 

100,2 

. 100.3 

20.92 

100.1 

100.0 

20.83 

100.1 

100.8 

K.ducsr 

Press  Uolts  Current 
(KPa)  <U) 


1 00.3 

384.7 

2.74 

108.6 

335 .  i 

2.74 

100.6 

385 . 0 

2.74 

100.5 

335.2 

2.74 

100.4 

384.7 

2.73 

100. S 

385 . 1 

2.73 

130.4 

384,7 

2.73 

100.5 

335.1 

2.73 

100.7 

384.9 

.  2.73 

100.4 

385 . 0 

2.72 

100.5 

385 .  1 

2.73 

100.9. 

385.  1 

2.73 

1 00  .-6 

384.9 

,,2.73 

100.7 

585.  1 

2.73 
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Program  Name:  •  »DSf-ALL 

Raixj  data  stored  on  file:-  SSMT’^2 

NCHcCK 


Data  taken  bvi 
Tube  type; 

Tube  neterial; 

Thermal  conduct i vity : 
Inside  diameter: 

Root  diameter: 

Pressure  corfdition: 
System  power; 

Steam  veiDCity: 

This  analysis  includes 
HEnTEX  insert  installed 


SMOOTH  TUBE 
STAINLESS-STEEL 
I  4 <3  (W/m-K) 
.13.21  (mm) 

1 4 .  1 3  •-(  mm  ) 
ATMOSPHERIC 
25.73  (KW) 

1.03  (m/s) 
nd-fin  effect  - 
in  tube 


Wilson  Plot  regression  coefficient  =» 

Gi  (based  on  Petukhov-Popov  ) 

Alpha  (based  on  ?\ius5sit  )  ^  0,S27  . 


Overall 

Outside 

Inside 

Coolant 

Heat  Xfer 

Heat  Xfer 

Heat  Xfer 

Kest  .. 

Velocity 

Coefficient 

Coefficient 

Coefficient 

Flux  ■  ■ 

Ts-Twal 

Data 

LtlTD 

Vw 

Uo 

Ho 

’’  Hi  ■ 

Qp 

,  Txf 

t 

( degC ) 

( n/3  ) 

cW/«''2-K  ) 

(W/!»i-'-2-K  ) 

i  Ui/rf!t2-K  ) 

(W/m-'Z  > 

( deoC  > 

1 

81  .47 

4.1 1 

6.41 6E+03 

9.882E+03 

4.71'2£+04 

5.227E+05 

52.30 

■y 

80 . 84 

5.61 

6. 372E+03 

1 .002E+84 

4-247E+04 

5.151E+85 

51  .41 

3 

80.58 

3.11 

B.355E+03 

1 .031E+04 

3,756£+04 

5.121 E+05 

49. SB 

4 

80.35 

2.61 

B . 1 35E+03 

1  .013E+04 

3.243E+04 

4 . S38E+05 

AS .  38 

c 

80.05 

2.11 

5.34SE+03 

1 .031E+04 

2.720E+04 

4 .76 1 E+05 

46.20 

S 

79.71 

1  .61 

5.714E+03 

1 .0StE+04 

2.  i?3E+04 

4 . S55E+0S 

42.33 

7 

7S.05 

1 .10 

S.346E+03 

1 . 1 22E+04 

I  . B0GE+04 

4.22SE+05 

37.65 

8 

73. 33 

1.18 

5.357E-f03 

1 . 1 27E+04 

i  .S07E+04 

4.23! E+95 

37.54 

e 

73.52 

1  .61 

5.740E+03 

1 .0S9E+04 

2,.181£+04 

4 . 5S4E+0S 

42.69 

10 

73.80 

2.11 

6 . 8@0E+03 

1 .045E+04 

2.727E+04 

4.738E+85 

45.81 

t  t 

7S.83 

2.61 

6 . 1 E5E+03 

1 ,025E+04 

3 , 2S3E+04 

4.926E+85 

48.05 

12 

80.12 

5.11 

S,325E+03 

1 .022E+04 

3.738E-i-04 

S.06aE+05 

49.61 

13 

73. 9S 

3 .  S 1 

5.443E+03 

1  .017E+04 

4 , 235E'^04 

5.152E+05 

50.67 

14 

79.96 

4.12 

B.486E+83 

1  .081E+04 

4 » 79SE+04 

5. i8BE+05 

51  .81 

A  vg 

1 . 040E+04 

4.S48E+05 

46.65 
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Pro gran  Nanei 

Reui  data  stored  on  file: 

Data  taken  by: 

Tube  type: 

Tube  nateriai: 

Thernai  conduct ivi ty : 
Inside  diameter: 

Root  diameter: 


Pressur 

e  Gondi' 

tien: 

Room 

Inlst 

Outlet 

Flow 

Temp 

T  emp 

Temp 

( pet ) 

( degC ) 

(dsgC) 

<  degC ) 

] 

80 

20.20 

19.85 

21  .20 

•p 

70 

20.22 

19.92 

21.42 

"7, 

60 

20.22 

20.02 

21  .74 

4 

50 

20.25 

1  9.35 

21  .34 

5 

40 

20.27 

19.83 

22.22 

6 

30 

20.30 

20.04 

23.01 

7 

20 

20.28 

19.32 

23.39 

3 

20 

20.29 

19.88 

23.37 

9 

30 

20.31 

19.81 

22.79 

i0 

40 

20.34 

19.69 

22.07 

1 1 

S0 

20.31 

19.75 

21.74 

12 

S0 

20.35 

19.79 

21  .51 

13 

70 

20.32 

13.97 

21.43 

14 

80 

20.35 

28.02 

21  .58 

DRPALL 
SSi^TA3 
INCHEGK 
SMOOTH  TUBE 
STAINLESS-STEEL 
14^3  (W/m-K; 

13- 21  ( mm ) 

14- 10  ( mm ) 
ATMOSPHERIC 


Steam 

Sage 

Xducer' 

Temp 

Press 

Press 

Volts 

Current 

degC  > 

( KPa  i 

(KPa)  - 

{ V  ) 

108.0- 

(99.9 

100.5 

385 . 1 

2-73 

100.1 

100.0 

100.6 

385.2 

2.73 

100.0 

99. S 

100.5 

384.9 

2.73 

100.0 

33. S 

100.4 

384.9 

2.74 

100.1 

93.9 

100.6 

385.8 

2.74 

100.1 

100.0 

100.7 

335 ,  i 

2,74 

99.8 

99.3 

100.2 

384.  S 

2.72 

100.0 

100. 1 

100. S 

335.0 

2.73 

100.0 

100.0 

100.5 

3S5.2 

2,73 

100.1 

180.0 

100.7 

335.  1 

2.73 

(00.2 

100.0 

100.7 

384.  S 

2.73 

99.8 

99.3 

39.3 

385.2 

2.73 

180.1 

108.1 

100.8 

384.5 

2,73 

93.3 

99.6 

100.4 

384.9 

2 . 74 
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Program  Name: 

GRP.-iLL 

Raw  data  stored  on  file 

:  S5NT4,3 

Data  taken  by: 

INCHECK 

Tube  type: 

SMOOTH 

TlI35 

Tubs  material: 

STAINLESS-STEEL 

Thernai  conductivity- 

■!4.*5  ( 

U/m-K  ) 

Inside  diameter: 

■  . ,  15.21 

i  jvt  } 

Root  diameter: 

•  .  ■  -4  4 . ;  0  ‘ 

i  mn  ) 

Pressure  condition; 

ATMOSPHERIC 

System  power: 

25.73 

(KW> 

Steam  vsiccity: 

••4.03 

(  m  /  s  ) 

This  analysis  includes 

end-«fin  efrec 

t 

HEATEX  insert  installed 

iO'  tade 

Wilson  Plot  regression 

Goef fie lent  ^ 

•  -0 . 933 

Gi  (based  on  Pet ykhov-Popov  )  ” 

3.007 

ftipha  (based  on  Nusselt 

'V'  — 

0.827 

Overall 

Outsiae 

Inside 

Coolant  Heat  Xfer 

Heat  Xfer 

Heat"  Xfer 

Heat 

Velocity  CoePficieni 

Coefficient 

Coefficient 

Flux 

Ts-Twai 1 

Dc?»t  5l 

LHTD  Ow  Uo 

•  Ho 

.  Hi 

Qp 

Txf 

(  degC  )  \  m/s  )  <  W/m'‘2-K  ) 

(W/m"2-K) 

( i4/m''2~P\ ) 

( W/m''2  ) 

<  degC ) 

1 

79,53  4.! 2  B.459Et03 

9.g4lEr@3 

4.309E-i-04 

5.  i37E+05 

5'1  .S'3 

2 

79.40  5. SI  S,401E+03 

1 . 0@5E“i»^4 

4 . 3 1 4E+84 

5.082E+05 

50 . 55 

3 

79.12  3.11  S.362E+03 

1 .023Er04 

3.31 0E+34 

5.033E+05 

48 . 33 

4 

79.17  2.S1  S.207E+03 

1 . 034E+04 

3.234E-i-04 

4.914E+05 

47.51 

5 

79.03  2.11  S.DZSE-i-OS 

1 . 04SE’r04 

2,7S0E+e4 

4 .7S0E+05 

45 . 39 

a 

78.55  i.Bl  5.782E+03 

t .078Er04 

2.282E+04 

4.542E+05 

42.13 

T 

77.88  1.10  5.3S2E+03 

1  .  1  ISE^-34 

1  .620E-i'04 

4 . 1 S8E+05 

37 . 27 

s 

78.12  1.10  5.367E-i-03 

1 .125Er04 

i .613E+04 

4. 1  33Et05 

37.26 

3 

78.70  l.ei  5.777E+03 

1 . 078E+04 

2. 197E+04 

4.547E+05 

42.17 

10 

79.26  2.11  S.00iE+03 

! • 043E+04 

2.745E+04 

4.75BE+05 

45.62 

1  ! 

73.42  2. SI  S.17SE+03 

] . 0255+04 

3.2SS‘E+a4 

4 . 384E+05 

47.30 

12 

79.14  3.11  G.345E+03 

1 .025E+04 

3.30!Er.04 

5.022E+05 

48.39 

13 

79.34  3. SI  B.4B3E+03 

t .020E+04 

4 .31 7E+04 

5.128E+05 

50.25 

14 

79.23  4.12-  S.S86E+03 

1 .00bE+04 

4.81 8Et04 

5. fS5E+05 

SI  .30 

Avg 

1 . 045E+04 

4.81 0E+05 

4S.20 
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Program  Ma.poai 

Raw  data  stored  on  file; 

Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height: 
Tube  i^iaterial: 

Therr^ai  conduct ivi t y : 

Inside  diei'ieter: 

Root  diameter: 

Pressure,  conrixticn: 


DRPALL 

SISAl 

INCHECK 

RECTj^NCULAR  FINNED  TUBE 
t  .  50  }  .  00  0 , 1  B  (  r-n  ) 

5  Tth  INLESS-STEEL 
14.3  (W/m-K> 

13.20  imi 
14,25  ‘nn) 

ATNOSPHERIC 


Roor. 

Inist 

F  Igu) 

Tefnp 

Tsmp 

(pet  > 

( degC  ) 

( degC ) 

1 

80 

19.30 

17.78 

9 

70 

19.87 

13.30 

3 

60 

13.87 

13.51 

4 

50 

19.87 

18.51 

5' 

40 

19.31 

IE. 58 

B 

30 

19.98 

18.66 

n 

( 

.  20 

19.9© 

18.84 

8 

■  28 

19.90 

18.88 

s 

30 

19.91 

13.87 

10 

40 

19.90 

18.78 

1 1 

50  .. 

19.91 

18.95 

12 

S0 

19.30 

19.02 

13 

70 

19.92 

19.22 

U 

80 

19.90 

19,30 

Outlet 

Staan 

Sage 

Tei*ip 

Temp 

Press 

( degC '/ 

( degu  f 

(KPa) 

13.43 

!  00 .  © 

100.3 

to 

100.0 

100.7 

20.57 

138.8 

103.7 

20.99 

99.9 

180.2 

21.38 

100.2 

100.9 

22.16 

99.3 

33.3 

25.48 

100.0 

99.6 

23.52 

100.1 

93.6 

22.37 

99.3 

99 . 3 

21.62 

!00. 1 

39.3 

21.34 

100.0 

99.3 

21  .09 

180.1 

100.0 

21.05 

108.0 

39.6 

20.92 

99.3 

99.1 

Xducer 
Press  •' 

Uoits 

Curr  er 

<  KPa  ;• 

( 0 ) 

100.2 

384.9 

"Z 

100.6 

385.1 

2.74 

100.4 

385.3 

2,74 

180.3 

385.0 

2.74 

101.1 

385. 1 

2.73 

99. -9 

335.1 

2.74 

100.4 

385.0 

2.74 

l00-,4 

385.2 

2.74 

99.8 

335.0 

2.74 

100,5 

385,0 

2.74 

100.2 

385',  3 

2.75 

108.5 

385 , 8 

2.74 

100.3 

384.9 

2.74 

108.1 

385. 0 

2.74 
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Proarari  Name: 

. 

DRPALL 

Raw 

data  stor 

‘ed  on  file 

:  SI  ini’ 

Data 

taken  by 

r  1  •  ,  » 

Tube 

type : 

RECtANSULAR  FINNED 

TUBE 

Fin 

spacing , 

Width,  hei 

ght:  1.50  1 

,3©  0 . ! S  ( 

mm ) 

Tube 

nat sr ial 

; 

'•./3TAINLE 

S5-STEEL  - 

Therr^al  condu 

;ct  ivity: 

^-14.3  ( 

W/m^K  ) 

Insi 

de  dianeier: 

15.20 

( m ) 

Root 

diaj5^eter 

‘ : 

14, ZS 

{ mm ) 

Pres 

sure  cone 

iit  ion: 

ATMOSPHERIC  '  - 

Systef^  power: 

25.74 

i  KW ) 

Stearo  velocity: 

1  ,03 

( m/s  ) 

This 

analysis 

,  includes 

andr^fin  affect 

HEftTEX  insert 

installed 

in  tube 

Enhancements 

based  on  comparison  to 

Iricheck  amcroth  tuba  dai 

a 

Wi  Is 

on  Plot  regression 

cosfficient  - 

0,398 

Cl  (based  on 

Petukhev-Popbv  )  == 

3.V-?1 

.Alpha  (based 

on  Nusselt 

1 

f 

Enhancanent  < 

constant  heat  flux) 

1.473  . 

Enhancsnsnt  ( 

constant  tamp-drop) 

i.337 

Overall 

•Outside 

Inside 

Ccoiant 

Heat  Xfer 

Heat  Xfsr 

Ksai- X  fer 

Heat 

Ueiocity  Coefficient 

CoeJfioient 

Coefficient 

Flux 

Ts-Twali 

Oats 

LMTD 

Uui 

Uo 

Ho 

Hi 

Qp 

Txf 

( degC ) 

<  m/  5  ) 

<W/m''2-K  ) 

(y/rtv'Z-K  ) 

(W/m^Z-K  > 

(W/m"2) 

( dagC ) 

< 

31  .43 

4.12 

7.S38E+03 

1 ,4056+04 

4.970E+04 

S.220E+05 

44.28 

80.83 

3.S2 

7.B70E+03 

i .4286+04 

4.482E+04 

6.11 9E+05 

42.84 

3 

80.47 

3.12 

7 . 408E+83 

1 .433Et04 

3 , 9S4E+04 

5.96-1  E+05 

41  .61 

4 

80.23 

2.61 

7,262E+03 

! .4S5ET04 

3 . 423E+04 

5.32SE+05 

39.77- 

D 

80.20 

2.11 

6.917E+03 

1 .447E+04 

.2 . 870E+04 

5.547E+0S 

33.34 

6 

79.44 

1 .61 

o .  S55E'i'03 

1  .526Eti34 

2.237E+04 

5.287ET0S 

34.64 

7 

73.83 

1.11 

S .  1 1 5E+05 

t . S03E+04 

r.636E+04 

4.82 1 E+05 

30,38 

8 

78..  33 

i  .  11 

6. t25E+03 

1 . 609E+04 

i ,S97E+04 

4.829E+05 

30.01 

9 

79.  IS 

1  .5! 

S . 580E+03 

I ;$56£+04 

2:3025+04 

5 . 289E+35 

34.43 

10 

73. 9i 

2.11 

7.03BE+03 

1 . 4^3E+04 

2.S77E+04 

5.623E+05 

37.54 

1  t 

73.82 

2. SI 

7.291E+03 

1 .473§t0ff 

3.441S+04 

5.819E+05 

39.50 

12 

80. 0B 

3.12 

7.489E-f-03 

f .  4S0fe+^4' 

3.987E+04 

5.935E+05 

41  .07 

13 

79.  SS 

3. 62 

7 .  BS4E-lr03 

1 .457E+04 

4.523E+04 

S.l2tE+>35 

42.02 

14 

7S.8i 

4.12 

7.7t4E+03 

1 . 423E+04 

5.055E+04 

0 . 1 57E+05 

43 . 26 

ftVy 

! .483E+04 

5.B87E+0S 

yo  Ca 
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program  Name : 

Rau!  data  stored  on  file: 
Data  taken  fay: 

Tube  type: 

Fin  spacing,  width,  height; 
Tube  material: 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


ORPALL 
S  *!  SA2 
INCHECK 

RECTANGULAR  FINNED  TUBE 
! . 50  1.00  0 . 1 S  1  mm ) 

STAINLESS-STEEL 
14.3  (U/m-K) 

13.20  ( mm ) 

14.25  (mm) 

atmospheric 


Room 

Inlet 

Flow 

Temp 

Temp 

( pot  ) 

( degC ) 

( degC ) 

1 

80 

1  S .  38 

19.49 

70 

19. -98 

19.63 

3 

60 

19.98 

19.72 

4 

50 

IS. 96 

19.S2 

5 

40 

19.95 

19.52 

s 

50 

19.98 

19.55 

7 

20 

13.97 

19.63 

8 

20 

19.98 

19.64 

9 

30 

13.95 

19.50 

10 

40 

13.38 

19.39 

1 1 

50 

20.01 

19.49 

12 

B0 

20.04 

19.52 

13 

70 

20.04 

19.74 

14 

90 

20.01 

5  9.76 

Out 

Let 

Steam 

Gage 

Tei 

Temp 

Press 

( degC ) 

degu 

/ 

<  KPa ) 

2 1 

.  11 

100. 

0 

99-.6 

21 

.43 

100. 

1 

99.6 

21 

.76 

S3. 

9 

S3. 2 

2! 

.93 

1  00  . 

0 

39.3 

22 

.33 

93. 

9 

99.  1 

23 

.04 

100. 

1 

99.7 

24 

.28 

100. 

1 

100.0 

24 

.25 

100. 

@ 

35.3 

22 

.98 

100. 

0 

99.  1 

22 

.20 

100. 

0 

93.3 

21 

.88 

100, 

c 

100.0 

21 

,53 

108. 

1 

99.3 

21 

.56 

100. 

2 

103,0 

21 

.40 

99. 

8 

98. S 

Kducer 

Press,.  Uolts  Current 
(KPa) 


100.4 

385.2 

2.74 

100.5 

'385.3 

2.73 

100.0 

385 . 0 

2.73 

100.2 

384.8 

2.73 

100.1 

384 . 9 

2.74 

100.5 

384.8 

2.74 

500.7 

385.1 

2.74 

100.3 

385.0 

2.74 

99.9 

384.  S 

2.74 

100.0 

385.0 

2.74 

100.8 

385.3 

2.73 

100.6 

335.0 

2.73 

100.9 

385.1 

2.74 

99.  S 

384.7 

2.73 
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Program  Marne'. 

Raw  data  gtorsd  on 
Data  taken  by* 

Tube  type: 

Fin  spacing,  width,  h< 
Tube  material: 

Thermal  conductivity: 
Inside  diamstar: 

Root  diameter: 
Pressure  condition; 
System  power: 


DRFFiLL 
SI  BA2 
iNii4eeK  • 

RECTAMSULhR  FIMMSD  TUBE 
i..50-  1  .*38  0.1B  (mm) 

STf^INi;.ESS--STEEL  - 
'i.  !4.3  (W/m-K) 

13.20  (mm) 

,14.25  tmn) 

ATMOSPHERIC 
25.73  (KW) 

I  .03  vm/s ) 


Steam  velocity:  i  .0.»  vm/s  ; 

This  analysis  includes  end-/in- ef ’“sc-t 

HEftTEX  insert  installed  in  tube  .  ^  ^  j 

Enhancements  based  on  comparison  to  Incheck  smooth  .ube  da: 


Wilson  Plot  regression  coefficlant 
Ci  (based  on  Petukhov-Popov  ) ■ 

Alpha  (based  on  Nusselt  )  .  ■ 
Enhancement  (constant  heat 
Enhancement  (constant  temp  drop! 


»=  0.9S8 
-  3.102 
.=  i,n? 

•=  1.434 


Overall 

Coolant  Heat  X?at» 


Outside 
Heat  Xfar 


Inaide 
Heat  Mfer 


Uelocity  Coefficient  CbeffiOtemt  CoePficiant 


Date 

LMTD 

Uu 

t 

( degC ) 

( m/s  ) 

1 

79.76 

4.12 

2 

79.58 

3.S2 

3 

79.15 

3.12 

4 

73. 15 

2  .B1 

5 

73.08 

2.11 

S 

78.75 

t  .61 

7 

73.03 

1.11 

8 

78,05 

1.11 

S 

78. 7B 

1  .SI 

?0 

79.25 

2.11 

i  1 

79.50 

2.61 

1  2 

73.58 

3.12 

13 

73.53 

3.S2 

14 

73.25 

4.12 

7 . S73E+03  • 
7 . 590E+03 • 
7.4S7E+03 
7.303E+03 
7.034E+03 
S.S9SE+03 
S.  129E+03 
S.  134E+03 
B . 865£+03 
7.021E+03 
7 . 354E+03 
7.575E+03 
? . S47E+03 
7.843E+83 


1 .418Et84 
.  1 .438CtS4 
1 ,4308+04 
1 .48eE+04 
1 .503E+84 
1 .5eiE+84 
\  .BZ4E+e4 
1  .S38E+04 
1 . 545E+04 
1 .584E+04 
1  .5nE+84 
1  ,S02E+04 
1 .459E+04 
1 .477E+04 
i .5)8E+04 


•  Hi 

tt!!l7m''2-K  ) 

4.9565+04 
4 . 4505+04 
3.93jE+04 
3.331E+04 
2,838£+04 
2 . 270E+04 
4  !S75E+04 
»  .674E+04 
2 . 26SE+04 
2 . e33E+04 
3.387E+04 
3!924S+84 
4. 4SSt+84 
4 . 371 £+04 


Heat 

Flux 

Qp 

(W/m'-Z  > 

B . 1 20E+05 
6 . 040E+’35 
S.9i0E+05 
5.780E+05 
5.557E+05 
5.273E+85 
4.78BE+05 
4 . 787ET05 
5.243E+05 
5.5S4E+05 
5 ,  S4SE+05 
6.02SE+05 
B.032E+05 
E.220E+05 
5 . S60E+05 


T  s-Tuial  1 
Txf 

( degC ) 

43.  t7 
41 .38 
48.49 
38.84 
38.83 
33.78 
29.30 
23.23 
33.97 
37.00 
38.70 
40.1.2 
41  .70 
42.10 
37.  BS 
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Ilia: 


type : 

spacing,  width,  height: 


DRPALL 

S28A1 

INCHEGK 

RECTANGULAR  FINNED  TUBE 
1.50  1,00  3. 23  <  rim  ) 

STAINLESS-STEEL 
14-.5  (W/n-K  ) 

13.15  i mw ) 


Program  Name : 

Raw  data  stored  on 
Data  taken  by: 

Tube 
Fin 

Tubs  material: 

Thermal  conductivity: 
Inside  diameter: 

Root  diameter: 
Pressure  condition: 


Room 

Inlet 

Outlet 

Flow 

Temp 

Temp 

Temp 

( pet  ) 

( degC  ) 

{ degC ) 

<  degC ) 

t 

80 

20.12 

18.24 

20.05 

2 

70 

20.15 

18.70 

20.70 

3 

S0 

20.18 

19.02 

21  .27 

4 

50 

20.18 

19,07 

21.66 

5 

40 

20.21 

19.21 

22.2? 

6 

30 

20.21 

19.35 

23.12 

{ 

20 

20.25 

19.53 

24.45 

S 

20 

20.26 

19.53 

24.46 

9 

30 

20.27 

19.52 

23,27 

10 

40 

20.29 

19.54 

22.62 

1 1 

50 

20.32 

19.66 

22.25 

12 

60 

20.31 

19.81 

22.07 

13 

70 

20.35 

20.16 

22,16 

14 

80 

20.36 

20.28 

22.07 

14.25  (mn> 

atmospheric 


Steam 

Sage 

Xducer 

Temp 

Press 

Press  •' 

Uo  i  t  3 

( degC  > 

( KP@ ) 

(KPa) 

(U) 

100.5 

132.0 

101  .0 

385.0 

100.1 

101  .4 

103.7 

384,9 

100.3 

101.4 

100.7 

385.0 

100. 1 

101.4 

100.6 

384.9 

100.1 

101  ,0 

100.4 

385.0 

100. 1 

100.7 

130.6 

384.9 

100.2 

100.0 

100.7 

385.1 

100.0 

100.0 

100.4 

385.0 

,  99.9 

99.5 

99.9 

384.9 

100. 1 

100,0 

100.6 

384.9 

99.9 

99.6 

100.0 

385 . 1 

100.1 

100.3 

108.5 

384.9 

100. 1 

100.0 

100.3 

384.9 

100. 1 

100.0 

100.5 

585.0 

Current 


2.74 

2.74 

2.75 
2.74 
2.74 
2.74 
2.74 
2.74 

2.74 

2.74 

2.75 
2.75 
2.74 
2.74 
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Program  Name:  DRPALL 


Rsw 

data  stored  on  file 

:  S28A1 

Date 

taken  o 

y  • 

INCHEG 

K 

Tube 

type; 

RECTANSULAR  FINNED 

TUBE 

Fin 

spacing , 

width,  hei 

ght :  1,50 

1.00  0 . 23  ( nm  ) 

Tube 

materia 

1 : 

STAINLESS-STEEL  • 

Then 

mal  conduct ivity i 

14,3 

( W/m-K  ) 

Inside  diame 

ter : 

13.15 

( mm ) 

Root 

diameter: 

.14.23 

( mm ) 

Pres 

sure  condition: 

ATMOSPHERIC 

System  power 

: 

25.73 

(KU) 

Steam  velocity: 

1  .03 

(m/s  ) 

This 

analysis  inc lades 

end-fin  effe 

ct 

HEATEX  inser 

t  installed 

in  tube 

Enhe. 

ncemant  s 

based  on  comparison  to 

Incheck  snoot h  tube  dat 

a 

Wilson  Plot 

regression 

coefficient 

=  0.SS9 

Ci  {based  on 

Pet ukhoy-P 

opov  ) 

s  3.081- 

Alpha  (based 

on  Nusselt 

\ 

/ 

=  1.328 

Enhancsmerst 

(constant  h 

eat  flux) 

-  1.831: 

Enhancement 

(constant  temp  drop) 

-  1 . S0S 

Overall 

Outride 

Inside 

Coolant 

Heat  Xfer 

Heat  Xfer 

Heat  Xfer 

Heat 

Ueiocity 

Coefficient 

Coefficient 

Coe.f  f  icient 

Flux 

Ts-Tioai  1 

Data 

LNTD 

yw ' 

Uo 

Ho 

■Hi  • 

Qp 

Txf 

t 

<  degC ) 

(W/m'-2-K  ) 

(U/m''2-K) 

{W/n''2-K) 

<W/!*i'-2  ) 

( degC  ) 

1 

8 1  . 35 

4.15 

8.441 E+03 

i .748E+04 

4.894E+04 

S.8S7E+@5 

39.29 

2 

80,45 

3.65 

8 . 351  E-t-33 

1  ..783E+04  , 

4,41 i£+04 

S.7'1  SE+05 

37.69 

"a 

80.13 

3.14 

8.177Em03 

1 .802E+04 

3.90SE+04 

S  .553E+05 

3B  .37 

4 

79.73 

2.63 

7.948E+03 

1 ,327E+04 

3.37SEt04 

S.341E+05 

34.70 

S 

79.33 

2.13 

7.532E+03 

1 .857E+04 

2 . 333E+04 

6.058E+05 

32.63 

6 

78.88 

1  .62 

7 . 230E+03 

1 .952E+04 

2,2B9E+04 

5 .703E+05 

29.52 

7 

78.18 

1.11 

S.54SE^03 

2.019E+04 

1.S75E+04 

5.1 1 SE+05 

25.35 

8 

78.31 

1  .n 

6.S73E+03 

2.043E+04 

1 .876E+04 

5.128E+85 

25.10 

9 

78.47 

1  .82 

7.230E+03 

1 .92SE+©4 

2.273E+04 

S,S73E+05 

29.42 

!0 

79.0! 

2.13 

7.723E-!'03 

1 .906E+04 

2.S43E+04 

S.102E+05 

32.0! 

1  1 

78,34 

2.G3 

8.01 lE+03 

1 .8545+04 

3 . 398E+04 

S.324E+05 

34.12 

!2 

75.17 

*7  1  4 

8.321E+03 

1 . 8S4E+04 

3.941E+04 

6.58SE+0S 

35 .33 

1  5 

78.92 

3 . 35 

S.482E+03 

1 .S30E+04 

4.4826+04 

5 . 634E+05 

38 . 58 

14 

78.95 

4.15 

3 , 585E+03 

1 ,735E+04 

5 . 005E’1’04 

6,778E+05 

37.77 

Avg 

1 .871E+04 

8. 1S9E+05 

33.23 
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Program  Nana : 

Raw  data  stored  on  file; 
Data  taker  by: 

Tube  type: 

Fin  spacing,  width,  height: 
Tube  material: 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


ORPALL 

S28A2 

IMCHECK 

RECTANSULAR  FINNED  TUBE 
1.5S  t.00  @.2S  (mm) 

STAINLESS-^STEEL 
j4.3  (Ul/m-K  ) 

13.15  ( mm ) 

14.23  (mm) 

ATMOSPHERIC 


Room 


Fiow 

Temp 

( pet  > 

{ degC ) 

1 

80 

IS. 98 

■7 

70 

19.96 

3 

60 

19.98 

4 

50 

19.99 

5 

40 

19.99 

B 

30 

20.04 

7 

20 

20.11 

8 

20 

20.11 

9 

50  ■ 

20 . 02 

!0 

40 

20.01' 

1 1 

50 

20.07 

12 

60 

20.04 

15 

70 

20.07 

\  4 

80 

20.05 

Inlet 

Outlet 

Temp 

Temp 

( degC ) 

( degC ) 

18,33 

20.08 

13.86 

20.50 

19.01 

21  ,20 

19.02 

21.53 

19.16 

22 .  { 1 

19.39 

23.03 

19.58 

24.36 

19.51 

24,40 

19.78 

23.41 

13.72 

22.70 

19.87 

22. 3S 

19.90 

22,11 

20.18 

22.12 

20.31 

22  ,.05 

Steam 

Sage 

Temp 

Press 

( dsgC  > 

( KPa ) 

100.0 

100,7 

100.0 

100,7 

100.0 

100, 1 

100.1 

100.7 

93.3 

99,3 

100.1 

99.8 

99.8 

99.  1 

100.2 

100.5 

100.0 

100.0 

100.0 

100.3 

100.0 

109.0 

S9.9 

95.3 

100.0 

100.0 

100.0 

93.3 

Xducer' 

Press 

Uoits 

(KPa) 

(U> 

100.5 

384.9 

100.3 

385.0 

180.2 

384 . 9 

100.6 

384.3 

108.2 

384.3 

108.5 

385,2 

39.6 

385.  i 

100.8 

384.9 

100,5 

384 . 9 

100.3 

385.0 

188,6 

385 . 0 

100.  i 

385 . 0 

100.5 

384.9 

100.3 

334.9 

Current 


2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.74 

2.75 
2.75 
2.75 
2.75 
2.75 
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Prc-grarn  Nene: 

DRPftLL 

Raw  data  stored  on  file? 

S28A2 

Data  taken  by: 

iriCHECK 

Tube  type: 

RECTANGULAR  FINNED 

TUBE 

F 1  n  5  p  ac  i  n Q  ,  w  i  d  t  h  ,  ne  .i  g 

ht:  ;.S0  ! 

.00  0.2S.(!^n> 

Tube  material : 

STAINLESSt-STEEL 

Thermal  conductivity:* 

!4.3  •(U/>i'^K) 

Inside  diameter: 

13.15 

( m't ) 

Roct  diameter: 

14.22 

( mm ) 

Pressure  condition : 

ATMOSPHERIC 

System  power: 

-  .  -  25'.  i  0 

;  Kw./ 

Steam  velocity: 

1.03 

( m/s  ) 

This  analysis  includes  e 

nd'“fin  effsc 

t  • 

HEATEX  insert  installed 

in  tube 

- 

Enhancements  based  on  comparison  to 

InchecR  smoo 

th  tube  dat 

a 

Wilson  Plot  regression  Q 

oaff:icie?Tt  = 

8 . 398 

Gi  (based  an  Petukhov'^Popev )  - 

2 . 863 

Alpha  (based  on  Nusselt  ) 

.  .  T' 

1.281 

trihancenerrl  (consiavtt  th^at  fluw#  ^ 

K782 

Enhancenent  (constaftt  i'swp  >  = 

i  .549 

Overall 

.Outside 

Inside 

Coolant  Heat  Xfar 

Heat  Xfer 

Heat  Xfer 

Heat 

Ueiocity  Coefficient 

Coefficient 

Coefficient 

Flux 

T  s-Twal 1 

D«t  a 

LHTO  Uw  Uo  ■  - 

Ho- 

Hi 

Qp 

Txf 

t 

<degC).  <f!/s)  (W/n''2~K) 

(W4m'-2-K  > 

i.  y/w'S-K ) 

<W/m'''2  ) 

<  degC ) 

1 

30.84  4.15  3.207E+Q3 

1 .S7SEr04 

4,554E+04 

S.S34E+05 

33.59 

■y 

80.39  5.S5  8.U2E+i3 

1 ,706E+04 

4.224E+04 

B .  52 1 E+05 

33,18 

73.31  3.14  7.9B3E+03 

i  ,73eE+04 

3.742E+04 

6.363Er05 

3B .  65 

4 

73.84  2.63  7.B95E+03 

1 .741E+04 

3.232E+04 

S .  1 43E+05 

35. 23 

5 

79,23  2.13  7.371E+05 

1  .7B0E+34 

2.7t2E+04 

S.845E+05 

33.21 

S 

78.84  1.62  6.977E+03 

1 .827E+04 

2. 174E+04 

5.580E+05 

30.18 

n 

{ 

77.85  l.n  B.3S0£+@3 

! . 973E+04 

1  .S0SE+04 

4.974E+0S 

25 .  14 

3 

78.  IS  1.11  S.375E+03 

1  , 964E+04 

1  a  S0Sh  +  04 

4.382Et-05 

25.37 

9 

78.35  ! .62  7.013E+33 

1 .849E+04 

2. t83E+04 

5.499E+05 

23.74 

78.34  2.13  7.492E+03 

i .822E+04 

2.723E+04 

5.906E+05 

32.41 

1 1 

78. 8S  2.E3  7.S31E+03 

1 .801Er04 

3.2S3E404 

6.  i7B£+05 

34.28 

12 

78.95  3.14  3 ..  1 34E+03 

1 .85  tE+04 

3.730E+34 

B . 422E+05 

35.47 

13 

73.90  3.65  8.245E+03 

1 .755E+04 

4.296E+04 

S.505E+05 

57.07 

14 

73,87  4.15  8.393E+03 

1  .743E+04 

4.738E-i-04 

S.S24E+05 

38.01 

hyq 

1 .798E+04 

S.007E+0S 

33.  B1 
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Prograro  Narae- 

RatA.f  data  stored  on  file: 

Data  taken  byi 

Tube  typei 

Fin  spacing,  width,  height^ 
Tubs  natsriai: 

Thermal  conduc t i vi ty : 

Inside  diameter: 

Root  diameter: 

Fresziire  condition: 


Room 

Inlet 

Out  let 

Fioui 

Temp 

Temp 

Temp 

(pci  > 

( degC ) 

( degC ) 

( degC ) 

} 

S0 

19.42 

18.21 

19.95 

n 

?e 

19.45 

13,55 

20-47 

3 

63 

19.47 

18.69 

20.87 

4 

E3 

19.53 

18.70 

21  .22 

5 

40 

19.53 

18.87 

21.84 

B 

30 

19-56 

19.31 

22.56 

7 

20 

19.59 

19.23 

24.01 

3 

20 

19.51 

19.22 

24.02 

3 

30 

19.64 

19,24 

22.  S8 

\Q} 

40 

19.52 

19,27 

22.24 

i  1 

50 

19.64 

19.27 

21,79 

12 

60 

19.66 

13.33 

21.52 

1 3 

70 

19.65 

13.64 

21.57 

14 

30 

19.54 

19.70 

21  .45 

DRPFiLL 

S28A3 

I^4GHECK 

RECTANGULAR  FINNED  TUBE 
1.53  t  » 30  0- 2S  ( mm  ) 

STAINLESS-STEEL 
14*3  i U/m^K  ) 

13.15  ( mm ) 
i4.23  (mm) 

atmospheric 


Steam 

Saga 

Kducer 

Temp 

Press 

Press 

Uolts 

Current 

<  degC ) 

(KPa) 

( KPa  ) 

<U  > 

1@@.  i 

101  ^4 

100.8 

,384.9 

2.75 

100.1 

100.9 

100.6 

384.8 

2.73 

100.1 

103.9 

100.6 

385.3 

2.74 

130. 1 

100.1 

100.5 

385.0 

2.74 

100.1 

1  00 . 0 

100.4 

3S5.0 

2.73 

100.0 

103-0 

100,4 

385.2 

2 . 73 

100.1 

100. 1 

100.4 

385.0 

2.73 

130.1 

99.6 

100.2 

385.3 

2.72 

100,3 

100.0 

100.4 

384,9 

2.73 

100.  1 

100.1 

100.5 

384.7 

2,72 

100.2 

100.5 

100.8 

385.3 

2.72 

100.1 

100.3 

100.7 

384.8 

2,72 

100.0 

99.9 

100.4 

385.1 

2.71 

100.  1 

100.3 

100.8 

384.8 

2,71 
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Progran  Name: 

DRPftLl. 

Raw  da 

ta  stored  on  fils: 

52  3  A3 

Data  t 

cken  by:  •  ••  ■ 

.  li'JCiiECbi 

Tube  t 

vpe : 

RECTANGULAR  FINNED 

TUBE 

Fin  spacing,  width,  heig 

ht :  .  -1  , 59  1 

V  90  © .  8  \ 

nm ) 

Tube  material: 

•STAINLESS-STEEL 

Therma 

i  conductivity: 

14.3  ! 

U/m-^K  ) 

Inside 

diameter : 

13.15 

( mm  ) 

Root  diameter: 

14-,  33 

( mm  ) 

Pressure  condition: 

ATMOSPHERIC 

System 

power : 

•  25.73 

(KW) 

Steam 

velocity: 

1  .03 

(  iTi/ S  ) 

This  a 

naiysis  includes  e 

■nd--fin  affsc 

JL 

t 

HEATEX 

insert  installed 

in  tube 

Enhanc 

ements  based  on  comparison  to 

Incheek  smooth  tube  data 

Wilson 

Plot  regression  o 

oeffiu.lant 

0.999 

Ci  (based  on  Petukhoy-rPc 

pov )  ^ 

3.0U 

Alpha 

(based  on  Nusselt ) 

p« 

)  .257 

Enhanc 

ement  < constant • heat  flux) 

1 .747^ 

Enhanc 

emcnt  (constant  temp  drop>  === 

1  ,519 

Overall 

Outside 

Inside 

Coolant  Heat  Kfer 

Hepst  X^er 

Best  Xfer 

Heat 

Ueiocity  Coefficient 

Cse^P-icient 

Q-Deff  icient 

Flux 

Ts-Twai i 

Data 

LMTD 

Uw  Uo  • 

-  (io  • 

•  Hi 

Qp 

Txf 

S 

<  degC )  < 

m/.5>  (W/k'Z-K) 

i  ) 

i  W/m'-C-K  ) 

<W.''m'2  ) 

( degC ) 

1 

81  .0E 

4.15  8.I2SE+03 

1 .B31E+04 

4,?S4E+04 

B.58BEr05 

49,38 

2 

SS.62 

3.B5  8.007E+03 

i .543E+04 

4 . 336E+04 

S.455E+05 

39.15 

3 

80.35 

3.14  7.SBSE+03 

1 .G78E+04 

3 , 80SE+04 

S,321E+05 

37 .  GS 

A 

W 

80.13 

2. S3  7.710E+05 

) .751E+04 

3,p87E+04 

e.l78E+05 

35 . 63 

5 

79.74. 

2.13  7.3B8E+03 

1 .73S5+04 

'2.7^9E+04 

5.875E+0S 

33. 8i 

s 

79.17 

1.62  B,3?4E+§3 

1 .739e+04 

2.209E+04 

5.52iE+05 

30.69 

7 

78.45 

1,11  S . 3445+03 

1 . 3965+04 

4,B32E+04 

4.377E+05 

26,25 

8 

73.44 

1,11  B . 359E+03 

1 .P09E+04 

V . E52E+04 

4.e87E+05 

2S.  13 

3 

78.93 

1 .62  6.98eE+S3 

1 .803^+04 

2.21SE+04 

5.S14E+05 

30.58 

10 

79.31 

2.13  7.438E+03 

i .7725+04 

2.772E+04 

S.899E+05 

33 , 30 

\  \ 

73.71 

2. S3  7.733£+0^ 

1 ,7408404 

3,308E+04 

S.1S9E+05 

55 , 46 

12 

73. S8 

3.14  8.004E+03 

t ,735E+04 

3.S53E+04 

6.377E+05 

3B .  75 

13 

79.41 

3.B5  8.1S7E+03 

1 .709E+04 

4 .35SE+04 

6.4S6E+05 

37.84 

14 

73.53 

4.15  S.323E+03 

1 .734E+04 

4 . SG5E+04 

5.S24E+05 

3S .  38 

Avg 

J  '  ■ 

1 .750E+04 

5. 9985+05 

34 . 43 
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Program  Names  DRP^LL 

Raw  data  stored  on  fils:  S3SAI 

Data  taken  by:  INCHECK 

Tube  type:  RECTAiNCULftR  FINNED  TUBE 

Fin  spacing,  width,  height:  1,5^  K00  0.;i8  (mm) 


Tube  mat 

er ial : 

S7AINL5S5-S 

TEEL 

Thermal 

conductivity; 

I 

4.3  iW/m- 

K  > 

Inside  d 

ianet er 

; 

1 

3 . 06  ( mm  ) 

Root  diameter: 

1 

4.29  (mm) 

Pressure 

condit 

ions 

ATMOSPHERIC 

Room 

Inlet 

Outlet 

Steam 

Gage 

Xducer 

Fiouj 

Temp 

Temp 

Temp 

Temp 

Press 

Press 

Uolts 

U  ur r  sn  V 

( pet  ) 

( degC ) 

(  degC  ) 

( degC  ) 

( degC ) 

(KPa ) 

(KPa) 

CU ) 

1 

80 

20,97 

18.08 

19.62 

39.5 

98 .  S 

38.7 

384.8 

2.74 

2 

70 

20.38 

18.48 

20.2© 

100.  t 

101  .4 

101.0 

385.0 

2.74 

60 

2!  ,01 

18.77 

20.71 

100.1 

100.7 

100. S 

384. S 

2.74 

4 

50 

2i  .05 

18.75 

21  .00 

100.0 

100.7 

100.5 

385.1 

2.74 

S 

40 

21  ,06 

18.96 

21.62 

100.0 

99.6 

100.5 

585 . 1 

2.74 

a 

30 

21  .08 

19.16 

22.46 

99.9 

93.3 

100.2 

334.9 

2.74 

7 

20 

21.12 

13.32 

23.67 

100.0 

99.3 

100.2 

385,2 

2.74 

S 

29 

21 .1 1 

19.32 

23.68 

33.9 

39.3 

100.2 

384.3 

2.74 

9 

30 

21.12 

19.31 

22.60 

99.9 

100.0 

99.9 

384.9 

2.74 

’0 

40 

21.14 

19.20 

21.86 

100.0 

99.3 

100,1 

385. 1 

2.74 

1  T 

50 

2!  .  14 

19.24 

21  ,50 

100.0 

99.5 

100.5 

584.3 

2.74 

12 

B0 

21.15 

13.34 

21  .30 

99.9 

99.5 

100.5 

385.0 

2.74 

13 

70 

21.16 

19.53 

21  .25 

100.0 

99,  1 

100.1 

385.1 

2.74 

14 

80 

21  .17 

15.54 

21  .09 

100.0 

99.5 

100.7 

385.0 

2.74 
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Prograp-1  Narae: 

Raui  data  stored  on  file-: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height: 
Tube  r^aterial: 

Theme. i  conductivity: 

Inside  diai^ieter: 

Root  diarte ter: 

Pressure  condition : 

Systsn  power: 

Stesn  velocity: 

This  analysis 
HEATEX  insert 
Enhencewent  s 


DRRALL 
33SAi 
JIhQHEGK*  » 

RECTANGULAR  FINNED  TUSE 
1.50  1  . 00  0.38  ( nn  ) 

S  T  A I H  L  E  S  S  ~  S  T  E  E  L 
14.3 

13.08  (mM  ) 

I4.2S  ( 

ATMOSPHERIC 
25.73  (-KW) 

5.03 

n  effect 


inc ludes  end-f i 
installed  in  tube 

based  on  conparison  to  Incheck  smooth  tube 


data 


Wilson  Plot 

regression 

coefficient 

s  0,993 

Ci  ( 

based  on 

1  Petukhov-Popov  ) 

5=i  2 , 945 

Alpha  (based 

!  on  Nusselt 

) 

*  1.085 

Enhancement 

(constant  h 

eat  flux) 

=»  I  ,  437 

Enhancement 

(constant  temp  drop) 

=  1.313 

Qve.‘"ali  ' 

Outeida 

Inside 

Coolant 

Heat  Xf^r 

plaat  A  f 

Heei  i^fer 

Heat 

Uelccity 

Goaf f icispt 

Co«f f ioiant 

Goaf f loiant 

FIuk 

T  s-Tuiai  i 

Data 

LMTD- 

■Uo 

Ho 

Hi  - 

Qp 

Txf 

4 

i degC  > 

( n/o  ) 

(W/m''2-K  ) 

t.  U/  1 

(W/wtZ-K  ) 

(W./m''2; 

( degC  > 

1 

80 .63 

4.28 

7. 13SE-i'@3 

1 .335E+04 

4,7895+04 

5. 8065+85 

41  ,62 

2 

88.75 

3.69 

7.1135+03 

1.41 SE+SA 

4.2415+04 

5.7495+85 

40.63 

3 

88.33 

3.17 

7.0065+83 

1 .438E+04  . 

3 . 7S35+04 

5 .6285+85 

39.13 

4 

88.11 

2.66 

S.S55E+83 

1 .4665+04 

3.2415+04 

5.4915+05 

.,37.47 

5 

73.71 

2.15 

■  6.590E483 

1 .476E+3.4 

2. 72 1 £+84 

5. 2535+35 

35.58 

S 

79.18 

1  .64 

B.287E+03 

1 .534E+04 

2.1805+04 

4. 8735+05 

32.43 

7 

73.48 

1.13 

5.75.3E+03 

1  .S0'iE+04 

1 .5335+04 

4,5155+05 

28.20 

S 

78.41 

.  ,1.13 

5..7SLE+03 

1 .603E+04 

1 .8885+34 

4.51 85+05 

28.10 

a 

78.9,8 

1  .34 

6.27SE+03 

1 .525E+04 

2.183E+04 

4 . 95SE+05 

32.50 

18 

79.45 

2.15 

S . 62 1 E+03 

1 .4305+04 

2.72SE+04 

5.2605+05 

35.31 

1 1 

73.67 

2.66  . 

8.921E+03 

1 ,4325+84 

3,2595484 

5.5135+05 

36. 35 

12 

79.62 

3.17 

7.1046+03 

1 ,4745+04 

3.773E+04 

5 .6565+05 

38.39 

i  3 

73.59 

3.63 

7.208E+03 

]  .444E+'?4 

4.291E+84 

5.737E+0S 

- J  d  ,  f  0 

14 

73.75 

4.28 

7.319E+0S 

1 . 4345+04 

4.7375+04 

5.S35E+0S 

40.71 

ftvg 

1 ,^856+04 

5. 34 95+05 

38.20 
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Program  Ne^’fs: 

Raw  data  stored  on  fliei 
Data  taken  by* 

Tube  type* 

Fin  spacing,  width,  helQhti 
Tube  material: 

Therma 1  ccnduc t i v i t  y : 

Inside  diameter: 

Root  diameter: 

Pressura  condition: 


Room 

Inlet 

Outlet 

Floy 

Temp 

Temp 

Temp 

( pet  ) 

( degC ) 

( degC ) 

( degC ) 

1 

80 

20.58 

18.37 

19.95 

o 

70 

20.58 

18.72 

20.46 

3 

60 

20,64 

13.24 

21  .22 

4 

50 

20.65 

19.22 

21  .51 

5 

40 

20.64 

19.40 

22.11 

S 

30 

20.8? 

19.49 

22.82 

7 

20 

20.71 

13.78 

24.16 

8 

20 

20.70 

19.79 

24,17 

S 

30 

20.72 

19.71 

23.04 

10 

40 

20.73 

19.70 

22.39 

i  1 

50 

20.75 

19.69 

21.97 

1 2 

60 

20.75 

19.82 

21  .79 

13 

70 

20.76 

20.05 

21  .73 

14 

30 

20.75 

20-  03 

2 1 .64 

DRPALL 

S38A2 

INGHECK 

RECTANGULAR  FINNED  TUBE 
1 ,50  t .00  0.38  (  nm  ) 

5TAINLES5-STEEL 
14,3  (W/m-K) 

15.08  (mm) 

14.29  ( mm ) 

ATMOSPHERIC  . 


Steam 

Sage 

Xducer- 

Temp 

Press 

Press 

Volts 

Curre; 

( degC  ) 

i  KPa ) 

(KPa) 

IV) 

100.3 

101.0 

100.9 

385.0 

2.75 

1 00 . 0 

100.3 

100.1 

385.1 

2.75 

100.0 

100.0 

99.8 

334.3 

2.75 

100.2 

100.7 

180.9 

335 . 0 

2.75 

100.2 

100.7 

101 .2 

385.2 

2.75 

100.1 

92.3 

100.3 

385.0 

2.74 

39.9 

33-3 

100.0 

384.9 

2.75 

100.0 

99.1 

100.0 

385. 1 

2.75 

100.0 

93.3 

100.2 

385.1 

2.75 

100.0 

93.  1 

100.0 

385.0 

2.74 

100.0 

39.3 

100.2 

385.5 

2.74 

100.0 

99.3 

100.1 

385.0 

2.74 

100.0 

99.1' 

100.0 

384.9 

2.73 

100.1 

99,4 

100.6 

334.7 

2.73 
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Prograr^  Nane: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacinQ,  width,  height: 
Tube  raster iai: 

Thermal  conduct ivity : 

Inside  diameter: 

Root  diameter: 

Pressure  condition:  . 

System  power: 


DRFALL 

533A2 

IMCHECK 

RECTANSULAR  FINNED  TUBE 
t  -'B©  1.03  ,9.58  ( mm  ) 

STAIMLESS'^STEEL 
’4.3  ( W/m-K ) 

13,98  (mmK 
14.2S  (Am) 

ATHuSPHERIC 
25.74  ( KW ) 

•j  .05  (m/s  ) 


Steam  velocity 


This  analysis  includes  end-fin  effect 
HEATEK  insert  installed  in  tube 

Enhancements  based  on  comparison  to  Incheck  smooth  tube 


data 


Wi  i 

son  Plot 

regression 

coefficient 

«  1 . 000 

Ci 

(based  on 

1  Petukhov~P 

Op'&v  /  ' 

=2.902 

Alpha  (based 

i  on  Nu-sselt 

'v 

/ 

=  (  ;  1  20 

Enhancement 

(constant  heat  flux) 

=  1  .'  499 

Enhancement 

(constant  temp  drop) 

==  1  ,355 

Overall 

Outside 

Inside 

Coolant 

Heat  Xfer 

Heat  Xfer 

Heat  Xfer 

Heat 

Velocity 

Coefficient 

Coefficient 

Coefficient 

Flux 

T  s-Twai 1 

Data 

LMTD 

y«j 

Uo 

Hq 

'  '■  Hi 

Qp- 

Txf 

t 

< degC  > 

( m/3  ) 

<W/m"2-K ) 

( i 

(y/m*2-K  ) 

(y/m''2  ) 

( degC  ) 

t 

St  .13 

4,20 

7.347E-i-03 

1 . 4535+04 

4.557E+04 

5.9G1E+05 

40.39 

2 

80.41 

3.69 

7.2bSE+03 

1  .457E+04 

•4,1  SI £+04 

5 . 836E+05 

39.51 

3 

79.75 

3.17 

7. 1S5E+03 

1 .510^+04 

3.719E+e4 

5.714E+0'5 

37,33 

4 

79. SI 

2, SB 

B.376E+03 

•  r.fe29E+04 

3 . 2 1 .1 E+04 

5.5S7E+05 

36.41 

5 

79.48 

2.15 

S.722E+83 

1 . 5S3E+04 

2.S35E+04 

5.343E+05 

34.39 

B 

78.93 

1  .64 

6,351 E+03 

1 .586E+04 

2. 156 E+04 

5.013E+05 

31  .52 

7 

77.89 

1.13 

5.825E+03 

1 .S7SE+04 

1 .593E+04 

4.537E+05 

27.07 

3 

78.02 

1.13 

5.823E+03 

1 .B74E+04 

1 .534E+04 

4.543E+05 

27.14 

3 

78.64 

1  .64 

B . 363E+03, 

1  .590E+04 

2.1S1E+04 

5 . 004E+05 

31.47 

10 

73.94 

2.15 

5.733E+03 

1  . 55EE+04 

2.704E+04 

5.315E+05 

34.15 

1  1 

79.15 

2. 66 

7.019E+03 

1  .54SE+04 

3.22SE+04 

5.555E+0.5 

35.94 

12 

79.17 

5.17 

7. 1SSE+03 

I  ,5!5E+04 

3-745E+04 

5..S8gE+05 

37.54 

13 

79.07 

3.69 

7.363E+03 

1 ,5136^34 

4 . 253£'i'04 

5,822E-f05 

33 . 48 

14 

73. 2S 

4.20 

7.424E+05 

1 , 47SE+04 

4.74SE+04 

5.884E+05 

33,79 

ftvQ 

■  -■ 

i  .547E+04 

5.41 3E+05 

35. 1  B 
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c^l  ro  Lf)  CXI  <x)  tTj  (s  ^  M 


Flow 
(pet  ) 

!  80 
70 
S0 
50 
40 
3© 
20 
20 
30 
40 
50 
E0 
70 
14  80 


Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height: 
Tube  material: 

Thermal  conductivity; 

Inside  diameter: 

Root  diameter; 

Pressure  condition: 


DRPALL 

S48ftl 

INCHcGK 

RECTANSULftR  FINNED  TUBE 
i  ,  5©  !  .  00  0.42  ^  ' 

STAINLESS-STEEL 
14,3  ( y/M“K  > 

13.11  ( mm } 

1 4 . 2S  ( mm ) 

ATMOSPHERIC 


Room 

Inlet 

Temp 

T  e.»ip 

( degC ) 

( degC ) 

20,68 

18.04 

20.69 

18.46 

20.68 

18.82 

20.76 

18.38 

20.79 

19.19 

20.81 

19.52 

20.82 

19.40 

20.83 

19.41 

20.85 

19.55 

20.83 

19,36 

20.85 

19,44 

20.82 

19.77 

20.86 

19.32 

20.88 

19.90 

Outlet 

Steam 

Temp 

Te.mp 

( degC ) 

( degC ) 

1  9 .62 

1 00 . 1 

20 . 22 

100.1 

20.31 

100,0 

21.16 

S3. 9 

21  .88 

99.9 

22.85 

99,8 

23.79 

39.9 

23.80 

99.9 

22.37 

100.0 

22.07 

100.0 

21  .72 

03.9 

21  .76 

100.0 

21,57 

100.1 

21  .48 

100,0 

Sage 

Xducer. 

Press 

Press 

( KPa ) 

C  KPa ) 

100.7 

100.8 

100.3 

100.4 

100.0 

100.0 

99. 6 

99.8 

98.9 

100.0 

99.3 

100.3 

99,3 

100.3 

99.3 

100.3 

99.4 

100.5 

39.6 

100.6 

99.3 

i00.2 

99.4 

100.5 

99.6 

100.5 

99.3 

100.2 

Uolts  Current 
( V ) 

334.8  2.73 

385.0  2.73 

385.1  2.73 

385.1  2.73 

385.1  2.73 

3S5.a  2.74 

385.1  2.74 

385.2  2.74 

•085 .2  2 .  / P 

385.1  2.73 

385.4  2.73 

334 .9  2.73 

384.9  2.73 

384.5  2.73 
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Prograro  Nar^e: 

DRPftLL 

PvSU] 

data  stored  on  file 

:  S4SAi 

Data 

X  a  K  e  n  b  y : 

INCHECK 

,  - 

Tube 

type: 

RECTANGULAR  FINNED 

TUBb 

Fin 

spacing,  width,  hei 

ght :  1.50  1 

.09  0,48  (mm) 

Tuba 

material: 

STAINLE 

S5-STEEL  • 

Thsr 

mal  conduc t i Vi ty : 

14.3  (W/m-K> 

Inside  diameter: 

13.1! 

( mm  ) 

Root 

diameter: 

14.25 

( mm ) 

Pres 

sure  condition: 

ATMOSPHERIC 

System  power: 

.  7  ^  7  ii 

;  iL  1..}  ■  f 

•  KW  ) 

Steam  velocity: 

•  1  .33 

( m/s  ) 

This 

analysis  includes 

end-fin  effec 

HEAT 

EX  insert  installed 

in  tubs 

Enhancements  based  on  comparison  to 

Incheck  smooth  tube  dat 

a 

Wilson  Plot  regression 

coefficient  ~ 

0 . 959 

.  Ci  (based  on  Peiukhov-p 

ppov)  * 

2 .  §52- 

Alpha  (based  on  Nusseit  )  “ 

i .  1 08 

Enhancement  (constant  h^at  flux)  = 

t  .475 

Enhancement  (constant  ,t 

emp  drop  )  = 

!  .34i 

Overall 

Out  3 i de 

Inside 

Coolant  Heat  Xfer 

Heat  Xfer 

Heat  Xfsr 

Heat 

Velocity  Coefficient 

Coef-f  icier?  t 

Gdsf  f  ici'dnt 

Fiux_ 

Ts-Twal i 

Data 

LMTD 

Uui .  Uo 

Ho 

H], 

Qp 

Txf 

t 

( degC  ) 

<m/s.)  (W/m-'Z-K) 

) 

iU/K!'2^K  ) 

<  W/n''2  ) 

<  degC  > 

1 

81  .29 

4.18  7.357E+03 

1  . 4-25E+04 

4.SPB+04 

5.981E+05 

41  .38 

7 

80.75 

3.B7  7.304E+03 

1 .458E+04 

4.039Et04 

S.338E+05 

40.44 

3. 

80.14 

3v16  7.175E-i-03 

1 .479E^04 

3.622E+04 

5.753E-)-05 

38.89 

4- 

7a.  88 

.  2. 65  6. 9G5E+03 

^  1,4S9£-f04 

3. 130E+04 

5 ,564E+05 

37,37 

5 

79. 3B 

2.14  6 . 703E.+03 

1 .50SE+04 

2,.631E+04 

5.320E-^05 

35 . 25 

a 

78.65 

1.63  S.392E+03 

1 .S7GE+04 

2,1 10E+04 

5  =  027E•^05 

31.90 

7 

78.30 

1,12  5.824E+03 

1  .BS3E'l"04 

i .552E+04 

4.561  E-t-0S 

27.58 

S 

78.26 

1.12  5.824E+03 

1  .553E“^04 

1  ,S53E-f04 

4.55SE■^0S 

27.53 

9 

78.74 

1,B3  6.562E+03 

i .557E+04 

2.11tE-r34 

5.0095-1-05 

32,17 

!0 

79.29 

2.14  B.759E+03 

l!53SE-i-04 

2.B3SE+04 

5.353E-i-35 

34.83 

1  t 

79.32 

2.65  7.00SE+03 

1 .503E+04 

3.149E-H04 

5.5575-^05 

36.98 

!Z 

79.21 

3.15  7.275E+03 

1 -514E+04 

3.SS1Et04 

5.763E-1-05 

38.05 

1 3 

79.39 

3.S7  7.390E+03 

1 .4S4E+04 

4,151 5-1-04 

5.8B7E->-05 

39.52 

1  4 

79.36 

4. IS  7.493E+03 

1 • 4bSE+04 

4 .  S355'+34 

5,947E-f0S 

40. 5S 

Avg 

1 .522E+04 

5.440E-i-05 

35.94 
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Program 

Name : 

ORPALL 

Raw  daia  stored 

on  file; 

;  S48Pi2 

Data  taken  by? 

IHCHECK 

Tube  type: 

RECTANGULAR 

FINNED 

TUBE 

Fin  spacing,  width,  height:  1.50  (.•00 

0.48  <i 

mm ) 

Tube  na 

t  er  ial : 

STAINLESS-^^TEEL 

Thermal 

conduct 

i  V 1 1  y  I 

14,3  ( W/m-K ) 

Inside 

diameter 

: 

13.11  (mm) 

Root  di 

ameter : 

14.2B  (mm) 

Pressure  condit 

ion: 

ATMOSPHERIC 

Room 

Inlet 

Outlet 

Steam  Gage 

Kducer 

Flow 

Temp 

Temp 

Temp 

Temp  Press 

Press 

Uolts 

Current 

( pci:  ) 

( degC ) 

( degC ) 

.  degC ) 

(degC)  (KFa) 

(KPa) 

(V ) 

1 

80 

20.76 

18.35 

19.96 

100.1  100.4 

100. S 

385.0 

2.74 

70 

20.78 

18.71 

20.49 

100,0  100.1 

100.6 

385.2 

2.75 

5 

60 

20.77 

19.00 

21,02 

100.1  93.3 

100.3 

385.  1 

2.75 

4 

50 

20.70 

•8.39 

21  .31 

99.3  98.5 

99.7 

385.  1 

2.75 

5 

40 

20.72 

19.11 

21.85 

100.0  99.4 

100.5 

385, 1 

2.74 

B 

30 

20.74 

19,39 

22.76 

100.1  99. B 

100.5 

384.9 

2.74 

7 

20 

20.78 

19.43 

23.87 

100.2  100.0 

101  .0 

334.9 

2.74 

8 

20 

20.73 

19.51 

23.94 

100.1  93,9 

!@0.S 

385.0 

2.75 

3 

30 

20.78 

19.37 

22.75 

99.9  99.1 

99.9 

385.0 

2.74 

10 

40 

20.78 

19.35 

22.08 

100.0  98.9 

100.1 

384.9 

2.75 

1 1 

50 

20.79 

19.42 

21  .74 

100,1  99,4 

100.4 

384.9 

2.75 

12 

60 

20.87 

19. B1 

21  .61 

39.9  98.7 

93.7 

385.5 

2.75 

13 

70 

20.83 

19.86 

21.63 

99.9  99.3 

100.2 

385.  t 

2.75 

14 

80 

20.84 

19.89 

21.43 

99.9  99.3 

100. 1 

385 .  1 

2.75 
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Program  Name: 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  heigh 
Tube  material: 

Thermal  conductivity ; 
Inside  diameter: 

Root  diameter: 


QRFftLL 

348A2 

RECTANGULAR  FINNED  TUBE 
•  1.50  1.00  0.48  ( mm  ) 

STAINLESS^STEEL  - 
1-4.3  (iO/m-K) 
i 3  - 1 1  ( mm  ) 

14.2S  (mm) 


Pre 

ssure  condition: 

ATMOSPHERIC 

Sys 

tern  power 

: 

25.74 

( KU ) 

Steam  veloci 

ty: 

1.03 

<  m/s  )  ■ 

Thi 

5  anaiysi 

s  includes 

end-fin  effsc 

t 

HEATEX  insert  installed 

in  tube 

Enhancement  5 

based  on  comparison  to- 

Incheck  smoo 

vh  tube  dat 

a 

Wilson  Plot 

regress  ion 

ccafficient 

0.333 

Ci 

(based  on 

Petukhov-P 

OPQVl  « 

2.S1S' 

Alpha  (based 

on  Nusaeit  >  w 

1.142 

Enhancement. 

(constant  heat  flux)  - 

1  . 538 

•Enhancement 

(constant  temp  drop)  =*? 

(.381- 

Overall 

Outside 

Inside 

Coolant 

Heaf  Xfsr 

Heat  Xfgr 

Heat  Xfer 

Heat 

Velocity  i 

Coefficient 

Coefficient  i 

Cesf f icient 

Flux 

T  s-Tuai 1 

Data 

LMTD 

vw 

(Jo 

-  He 

•  Hi 

■Qp 

t 

{ dsgC ) 

<  m/s  ) 

(W/m"2.-?K) 

4U/in--2-K  ) 

i:y/m'-2-K) 

<W/m''2) 

( degC ) 

1 

30.'94 

4. IS 

7 .51 05-i-03, 

i . 488E+04 

4.:502E+04 

S .  0795 -*-05 

40.86 

2 

, 80.37 

3.67 

7. 440Et03 

1  .5;1.3E-i-a4 

4^052E-(-04 

5.973E+05 

39.35 

3 

80.06 

3.16 

7.308E-*-03 

1 .543E+04 

3.S87E-*-94 

5.351  E-f05 

37.91 

A 

73.78 

2. .65 

7.07BE-!-03 

!  ,549E-r04 

3.0.97E-H04 

S.  646E■^05 

36,44 ■ 

5 

79. SB 

2.14 

6.821  E-«-03 

1  .583Et-04 

2.598E+04 

S.427E-i-05 

34.23 

6 

78.98 

I  .63 

6.42EE+03-. 

1,6*  4E-f®4 

2.0835-^04 

5.075E+0S 

31  .45 

7 

79.54 

1.12 

5.870Er03 

1 .7!4E-(-04 

1  .S35E+04 

4.61 0E-^05 

26-.  98 

8 

78.32 

1.12 

5.878E-I-03 

1  .7iSE+04 

1  .536E+04 

4.604E+05 

26.78 

3 

78.80 

1-.63. 

G.474E+P 

1  .S.f5Et04 

2.082E-i-04 

5.1@2E-(-05 

3!  .02 

10 

79.24 

2.14 

S  .,803E+@3 

1  .571Et04 

■2.S04E-(-04 

5.3SiE-i-05 

34.32 

!  1 

79.51 

-.2.65 

7 . 1  44E-*-03 

i  .3?3E-t'04 

3.I12E+04 

5 . 68 1  E-1‘05 

3S .  00 

12 

79.28 

3.16 

7.335E-(-03 

1  .SSpE+04 

3.5tlE-^04 

5.8!  6E-f-05 

37.51 

13 

73.20 

3.67 

7.498E-(-03 

1  -  536fc+'|)4 

4.  !04E-f-04 

5 . 933E-('05 

33,67 

14 

73.27 

4.18 

7 . 5S0E+03 

1 .518g+04 

4.  B73E-(-04 

0.01  7E-('05 

33.84 

M  V  g 

1 .5S^E+04 

5.5!5E-(-05 

35.10 
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Program  Name? 

Raw  data  stored  on  file: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height: 
Tube  material: 

Thermal  conductivity: 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


DRPftLL 

S75A1 

INCHECK 

REGTANSULAR  FINNED  TUBE 
\ .50  ! . 00  0.75  ( mm ) 

STAINLESS-STEEL 
■14.3  (W/m-K  > 

13.10  (mm  5 
14.25  ( mm ) 

ATMOSPHERIC 


1 


4 

5 

6 
7 
S 

3 

10 
1 1 


Room 

inlet 

Outlet 

Steam 

Gage 

Xducar 

Flow 

Temp 

Temp 

Temp 

Temp 

Press 

Press 

Uoits 

Current 

(pet  ) 

( degC ) 

( degC ) 

(degC) 

\  degu  f 

(KPa) 

(KPa> 

(V) 

80 

22.10 

20.71 

22.19 

100.3 

191.4 

101 .3 

384.6 

2.75 

70 

22.00 

21.09 

77 , 77 

100.0 

100.7 

100.6 

385.0 

2.75 

60 

22.21 

21.35 

23.20 

100.3 

101  .0 

101 . 1 

384.8 

2.76 

50 

21  .85 

21.48 

2o .  53 

100.0 

100.7 

100.S 

385.2 

2.76 

40 

21  .67 

25.64 

24.13 

100.0 

100.9 

101  .8 

384.6 

2.76 

30 

21 .58  . 

21.73 

24.82 

100.2 

501  .4 

101 .3 

385.0 

2.76 

20 

21  .65 

21,58 

25.66 

100,1 

100.7 

100.8 

384.8 

2.76 

20 

21  .68 

21  .56 

25.54 

100.1 

100.6 

100.6 

385. 1 

2.76 

30 

21  .59 

21  .75 

24.83 

100,2 

100.7 

100.8 

385.0 

2.76 

40 

21  .64 

21.69 

24.19 

100.1 

100.7 

100.6 

334.6 

2.76 

50 

21  .65 

7 1  77 

23.85 

100.2 

100.7 

100.9 

385.1 

2.76 

80 

21 .53 

21.92 

23.76 

100.2 

100.7 

100.7 

385.1 

2.74 

70 

21  .54 

21.98 

cn 

100.2 

100.7 

100.7 

385.2 

2 .75 

80 

21  .55 

22.05 

23.52 

100.4 

101  .6 

101 .6 

385.0 

2.75 
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Prograr^  Naf«.e: 

Raui  data  stored  on  fils: 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width,  height,: 
Tube  .material : 

Thernai  conduct ivi ty : 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 

System  power: 


DR PALL 

S75AI 

INCHECK 

RECTANGULAR  FINNED  TUBE 
1 , S2  1 , 00  0 . 75  - ( mm  ) 

STAINLESS-STEEL 
14,3  (y/m-K) 

13,10  <  mm  ) 

14.25  (mm) 

ATMOSPHERIC 
25.73  (KW) 
t . 05  ( m/s  ) 


Steam  velocity: 

This  analysis  includes  end-fin  effect 
HEATEX  insert  installed  in  tube  ■ 

Enhancements  based  on  comparison  to  Incheck  smooth  tub? 


data 


Wilson  Plot 

regression 

coefficient 

=  0.939 

Ci 

(based  on 

i  Petukhov^ 

Popov ) 

=  2.605 

Alpha  (based 

1  on  Nusaal 

t  )  - 

=  ! .033 

Enhancement 

( constant 

heat  flux) 

=  1 .345 

Enhancement 

\ constant 

tawp  QF^Op  ) 

=  1.249 

Overai  I 

Out  s  i  da. 

Insicis 

Coolant 

Heat  Xfer 

•Heat  Xt>^r 

Hsai  Xfer 

Heat 

Ueiocity 

Coefficient  Caef f ioif nt 

Goaf f icient 

Flux 

Ts-Tuai 1 

Data 

LMTD 

^yu 

Uo 

Ho-. 

Hi 

Qp 

T.xf 

# 

\ daQO  / 

\  n/  5  / 

(W/m-'Z-K  ) 

<  U/ro'-Z-’K  ) 

<W/,-n''2-K) 

(W/Vi'Z  ) 

( degC ) 

1 

'78.87 

4.  t  3 

?.047E-i"0i 

) ,  339E+04 

4.275E+04 

.  5.558E+05 

41  .52 

*7 

Am 

78 . 03 

3 .  BS 

E.931E+03 

•  1  ri  3BSS4-04 

5.847E+04 

5,45SE+05 

39.87 

3 

77,39 

3. 1 S 

6.86iE+03 

1 . 387E+04 

3.404E+04 

5.351 E+05 

38.59 

4 

77.55 

2.SS 

6,701E+03 

1 .416E+04 

2. 941 £+04 

5.19SE+05 

3S.70 

5  , 

,  77.03 

2.  }4 

S.394E+03 

1  .413E+04 

2.469E+04 

4.923E+0S 

34.90 

B 

76.94 

1  .S3 

S.065E+05 

1  .4S2E+04 

1 . 975E+04 

4.6665+05 

31.32 

n 

i 

76.47 

1.12 

5.543E+03 

!  .5S2E+04 

1 .452E+04 

4.239E+05 

27,30 

3 

76.50 

1  .  t2 

5 . S34Et03 

1  .S4SE+04 

1 .45 I £+04 

4.234E+05 

27.39 

3 

7S.92 

1,.63 

6.051 E+03 

1 .453E+04 

1 .975E+04 

4 .S54E+05 

32.03 

10 

77 . 20 

2..  1  4 

S.357E+03 

! ,4!4E+04 

2 . 470E+04 

4.339E+05 

34.93 

]  i 

77.44 

2  <  35 

B .  703E'*'03 

1.41 5E+04 

2.3S1E+04 

5. 19tE+05 

36.63 

12 

77. 3S 

3.  IS 

E.  901 £+03 

1  ,399E+04 

3.424E+04 

5 . 338E+05 

38,14 

13 

77.33 

3.58 

7.024E+03 

1 .377E+04 

3.884E+04 

S.436E+05 

59.48 

14 

77.53 

4.13 

7 . 1 39E+03 

1 .36SE+04 

4.33bE+04 

5.540E+05 

48.56 

Avg 

!  .4ZEE+04 

5.852E+05 

35.72 

221 


Program  Name: 

Raw  data  stored  on  fils: 
Data  taken  -by: 

Tube  type: 

Fin  spacing ,  width,  height: 
Tube  material : 

Thermal  conductivity : 

Inside  diameter: 

Root  diameter: 

Pressure  condition: 


DRPALL 

S75A2 

INCHECK 

REGTANSULAP.  FINNED  TUBE 
t . 50  1.00  0.75  (mm) 

STAINLESS-STEEL 
14.3  (W/m-K) 

13.10  <  mm  > 

14.25  (mm) 

ATMOSPHERIC 


Room 

Inlet 

Outlet 

Flow 

Temp 

Temp 

Temp 

( pet  > 

( degC ) 

( degC ) 

( degC  > 

1 

80 

20.33 

18.77 

20.25 

2 

70 

20.33 

19.30 

20.98 

3 

S8 

20.53 

19.73 

21.62 

4 

50 

20.42 

20.03 

22.20 

5 

40 

20.26 

20.27 

22.82 

6 

30 

20.44 

20.63 

23.77 

7 

20 

20.58 

20.48 

24.62 

8 

20 

20.47 

20.49 

24.54 

9 

30 

20.44 

20.82 

23.96 

10 

40 

20.24 

20.88 

23.44 

1 1 

50 

20.41 

20.94 

23.10 

12 

60 

20.30 

20.93 

22.86 

13 

70 

20.29 

21.30 

22.95 

14 

80 

20.26 

21  .53 

23.01 

Steam 

Saga 

Xducer 

Temp 

Press 

Press 

Uo  1 1  s 

( degC ) 

( KFa  > 

(KPa) 

(U) 

100.1 

101  .4 

100.4 

384.8 

100.0 

102.0 

101  ,0 

385.0 

100.0 

101.2 

100.3 

384.9 

99.9 

100.3 

100.2 

384.5 

99.6 

99.  B 

89.8 

385.5 

39.8 

99.8 

100.0 

3S5.3 

99.8 

100.3 

100.6 

385,2 

93.6 

100.2 

100.6 

385.2 

100.0 

100.8 

101 . 1 

385.4 

99.8 

101  .0 

101 .3 

384.9 

99.7 

100.7 

101  .0 

385.0 

99.7 

100.7 

101  . ! 

384.3 

99.8 

100.7' 

100. G 

384.5 

99,8 

SS.3 

99.6 

385. 1 

Current 


2-74 

2.75 

2.75 

2.74 

2.76 
2.76 
2.76 
2.76 
2.76 
2.76 

2.75 
2.75 
2.75 
2.75 
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Dats 

t 

1 


h'rOy 

ram  r46.r'^s 

:  DRpHLL 

Raw 

data  storad  on  file:  S75A2 

Data 

t  a  e  n  b 

y:  INCHEC 

K 

"^Lib  6 

type-: 

RECTftH 

C;  1  I  i  ^  p  p  T  i^,  j  r  C; 

■"UBE 

Fin 

spacing 

width,  height:  i .50 

i  CTi  ‘mq  .' 

*  .  uo  vJ .  r  n 

mm  ) 

Tube 

materia 

1 :  SThlNl. 

ES3-STEEL  ■ 

Ther 

nal  cond 

uc  t i V i t / :  14.3 

:  y/r.-K  ) 

i  ne  i 

da  diame 

ter:  13.13 

( mr-1  ) 

Root 

die  m  e  t  a 

r:  14.25 

( nn ) 

Pres 

sure  con 

dition:  .f^TMOSP 

HESIC 

Sye-t 

an 

•»  7 :::  ?-4 

(  KU  ) 

Steam  vs loci 

t  y  :  i  .  0  4 

( n/  5  } 

This 

a.na  1  v  s  i 

s  i  TsC  i  Li d 5  s  sn d““  f  1  n  e  f  f  a 

c  t 

HEAT 

EK  inser 

t  .instaiied  in  tube 

Enha 

ncemsnt  s 

based  on-  oompar-i-son  ia 

0  X  rt  t  u  0  3  -L-i  a  c  3 

Wiis 

on  Plot 

regress  ion  coef  f  .ic 

=  0.ilS3 

C  i  ( 

base  d  0  n 

P  e  t  u  k  h  0  -  P  0  p  0  v  ■  ■ ) 

«  2,650 

Aipr 

a  (based 

on  Nussel't  ) 

=•  i  ,  053 

Enhance, '^errt 

(constant  heat  fiuAr) 

-  1 , 360 

£nhancer<ent 

(constant  temp  drop) 

!  .  273 

Overall  Outside 

Inside 

Coolant 

Heat  Xfer  Neat  Xfer 

Heat  Xfer 

Heat 

eloci  ty 

Coefficient  Coef  fie  lent 

Cos  f  f ipient 

Flux 

!  S'"  1  WS 

LflTD 

vw 

Do  ■  •  Hc'  • 

Hi 

Qp 

T.,..  4? 
r  .A  ! 

dsgC  ) 

( n./s  ) 

i  U/f!!''2“K ■)■  U«j/m''2-K) 

(W/n'-Z-K  ) 

■  (W/n"2 ) 

(  dsgC 

S0-58 

4.  IS 

7  ..1  I  §£+03  t  .  3SSE+34 

4 , 253Er04- 

5,738E+05 

4 !  .  SS 

7S.e0 

3,33 

7 . 03BE+03  1 . 3-S'oE+04 

■  3-,S39Er04 

5.522Er05 

40  u52 

79,37 

3 . 1 S 

B. 3845+03  i.396E+04 

5 , 403Ei-64 

5 . 4S3E'^85 

35.13 

^70  n'G 

t  w  •  »  j 

2.55 

5.72SE+03  i.425£+04 

2.S4SE+04 

5,3036+05 

3? .  1  7 

78.03 

2.14 

S.457E+03  i.446E+04 

2,4765+04 

5 . 050E+O5 

34,52 

77.53 

t  .  S3 

6.i!SE+03  !  .484E+‘34 

1 . 936E+04 

4 . 7445+05 

-7  -5  on 

•V  1  ,  v/  i 

77.  i 3 

1  .12 

'5.578E+05  l.5B4Et04 

1 . 4E@Er04 

4 . 300E+0S 

27.50 

77.03 

1.12 

5.535E+03  1.584E+04 

1 .4685+34 

4.51 3E+05 

nn  ? 

77.55 

)■ .  63 

8.ia7ET03  I.477E+04 

;..S90£+34 

4 . 735E+0b 

32.05 

77. S4 

2.14 

S.5i36E-i-03  1.4605+04 

2 . 492t+34 

5.051 E+05 

34.50 

77.70 

2.S5 

S.737E+03  l,446E+@4 

2.373E+04 

5.274E+05 

77 . 82 

0 . 1  b 

6.S3B5+03  i.434E+04 

3.450Era4 

5.444E+05 

0  .  9w 

/  /  «  \  L 

3 , 58 

7.082E+S3  1 .3945+04 

3 , 554E+04 

5 . 5045+05 

33,43 

1  :  s 

4.  ;  S 

7.j97E+03  i.3SjE+04 

4 . 387E  +04 

5 .  SSOErCS 

A  -1  i7i 

+rv:,-  s  -r<J 

i .448E+e4 

w  ■  ;  w'  )  L.  '  'w 

35. 8l 

223 


ProG 

.ram 

Name  i 

PRP 

A I  1 

ni-u 

Raw 

data 

stored 

on 

fils; 

'o 

35 

n  1 

Da  t  a 

tak 

an  by- 

T 

NC 

HECK 

Tube 

typ 

e « 

R 

lC 

TfiNSU 

LAR 

FINNED 

Ti  Jpe- 
1  O  u. 

Fin 

spec 

ing,  wi 

dt  h , 

heigf 

it : 

j 

,5 

0  1  / 

00 

8.95  ( 

mm  ) 

Tube 

mat 

sr ial : 

n 

0 

Trt 

INLES 

3-3 

TEEL 

Tber 

mal 

conduct 

i  V  L  t 

y  1 

}  4 

.3  <W 

K  ) 

Insi 

de  d 

iameter 

; 

t  o 

.03  ( 

) 

Root 

d  i  a 

met  er i 

i.4 

.74  ( 

mm ) 

Prea 

5  ure 

condi  t 

ion  2 

jii 

TiiOSFHERIC 

Roor^t 

I  n  1  a  t 

Out 

let 

S  t  ss 

Sag 

la 

Xduc 

sr 

F  i  Qw 

Temp 

Temp 

Tei 

Tamp 

Pres 

5 

Pres 

5 

(Jolt 

5 

Car 

‘PS 

<  pet  ) 

<  dag 

C  / 

( degC 

(  dS' 

sC ) 

:  degC 

■ ) 

( KPs 

.  ) 

(KPa 

) 

( y ) 

\ 

80 

23. 

1  i 

!  5 . 93 

7  * 

99. 

8 

100. 

3 

100. 

0 

3S4 . 

8 

n 

75 

2 

78 

23. 

04 

20.27 

21 

.  38 

1 88 . 

0 

101  . 

4 

10!  . 

1 

384. 

n 

2  •. 

76 

3 

B0 

23. 

(4 

20.59 

22 

.41 

!  m . 

1 

f 

10!  . 

4 

100. 

s 

384. 

5 

4,  •• 

77 

4 

50 

23. 

1  3 

20. S3 

22 

.77 

180. 

10}  . 

4 

101  . 

3 

335. 

i 

2. 

75 

5 

48 

23 . 

0E 

20.32 

23 

.36 

99. 

7 

99. 

,1 

“T 

100. 

2 

384 . 

5 

2 , 

7S 

S 

30 

23 , 

)  2 

2  K  1 S 

24 

.18 

100. 

0 

100. 

0 

180. 

S 

384 . 

7 

7 

o  » 

75 

7 

20 

23. 

!  1 

21.02 

25 

.88 

100. 

0 

100. 

5 

101  . 

3 

384. 

M 

■  o 

i.  r 

76 

3 

20 

23, 

1  5 

21  .04 

25 

.01. 

100. 

0 

1S8. 

5 

101  . 

4 

385. 

0 

2 . 

7S 

9 

38 

23. 

1  s 

21.30 

-7*7 

100. 

0 

1 00 . 

0 

180. 

*7 

385. 

■i 

i 

n 

75 

IS 

40 

23. 

56 

21  .27 

23 

.72 

100. 

0 

39. 

"7 

100. 

7 

334 . 

8 

7 

75 

1 1 

58 

22. 

23 

21.35 

23 

,44 

100. 

0 

iS8. 

0 

100. 

9 

384. 

8 

2 . 

76 

12 

S8 

23 

21  .37 

2  0 

.  18 

99. 

g 

99. 

w/ 

100. 

4 

. 

0 

2- 

75 

!3 

70 

22. 

12 

21,72 

23 

,  32 

99. 

3 

100. 

0 

100. 

S 

384 . 

3 

7 

75 

14 

88 

0? 

21  .87 

U  0 

.  0  I 

100. 

5 

i  00 . 

0 

100. 

8 

3S5 . 

'Z* 

2 , 

7S 

I 
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Prcgrain  ORPPLL 

R s ;>i  d 6. t  a.  5 1  o r a d  on  f  1 1 s  '  S 9 5 A ! 

Data  takan  by-  INCHEC 


Tube  types: 

p  n  T  A  j\  1 0 

UL.4R  FINNED 

TL-Br 

r  i n  5 p 5. -D  i  n Q  ,  a* >.  n  c  n  ,  he  i 

uh t •  1.50  i 

.00  0,95- (P 

r.7 

Tube  i^eterial; 

STAIiJ^LE 

5S -steel 

Therroal  conduct  ivlty  J 

14.3  ( 

■H/ri-K  ) 

Inside  diai^eterJ 

1  -3 , 0S 

( ) 

Root  dia^'eter: 

14,24 

*  mm ) 

Pressure  conditions- 

ATHOSPH 

ERIC 

System  poyjeri 

4t: .  \  1 

(KW  ^ 

3 1  a  an  v  e 1 o  c i t  y  : 

1  T 

i  m  4J  ^ 

( m/s  ) 

This  analysis  includes 

end'-fj^n  sffec 

t 

HEATEX  insert  Installed 

in  tdba 

u. n n a n c e n e n t  s  be s e c  o n  ■  c 

onpsrisow  to 

Incheck  smoo 

th  tubs  da 

t.  a 

Wilson  Plot  recressicr) 

ccaP?ioient  = 

0  >  999 

Ci  (based  on  Pstukhov**F 

opov  )  * 

2.4S7 

Alpha  (based  on  Muss^lt 

?  --e 

]  ,  0 !  3 

Enhancement  (constant  h 

eat  flux  ) 

}  .SIS 

Enhancement  (constant  i 

af^p  d^'^op  )  =* 

!  .  229 

Overai 1 

Outside 

Inside 

Coolant  Heat  Xfer 

Ntsat  Xfer 

Heat . Xfer 

Heat 

Ue-  i  oc  i  t y  Coe  f  f  i c  i  ent 

Coefficient  > 

3oef  f ic lent 

F  i  ux 

Ts-Twa 

Data 

LHTD  Uu!  Uo 

Ho 

H.i 

Qp 

Txf 

4f 

TP 

idegC)  (I’l/s)  (y/«i''2--K) 

\  W  /  m  Z  **  K  t 

( wVm''2~K  ) 

( W/-?i''2  ) 

(  degC 

1 

75.12  4.20  B.370£t03 

{ .309Er04 

4 , 024E-H04 

5.435E+05 

41.52 

2 

73.93  3.Se  6.7855-1-03 

I  ,329E+04 

3.S2IE+04 

5 . 35SE+05 

40.29 

78.62  3.17  5.B7!E-f-03 

1  .353Er04 

3.212SE404 

5.245E+.05 

38.76 

4 

73,50  2,SS  S. 4925+03 

!  ,374E^34 

2-771 5-5-04 

5  ..3965+05 

37.03 

c 

77,56  2.,!  5  S.  2365+03 

i  .3S5Er04: 

■2.32SEr04 

4 . 3365+35 

34.67 

S 

77.31  1.64  5.S71E+03 

!  .424E-i'04 

1 . SS3E+04 

4.S39E+35 

31  .3.6 

*7 

76.96  1.13  5.3575+03 

!  .b2SE*^04 

1 ,370E+04 

4. 131E+05 

27.04 

s 

76.39  1.13  5.5S55+03 

1  ,-52bE+04 

1  -370E-i-04 

4. !30E+05 

27.88 

3 

77.15  i.S4  5. 5-1 55+03 

s ,450Er04 

1  .SSSE-^04 

4 . 5b4E+05 

31 .4-5 

10 

77.47  2.15  5.24SE+03 

f  j  w/  0  u  '  o  *+ 

2 . 335E-r04 

4 , 0  40^-^00 

34-62 

^  j 

77,61  2.S5  S.5b2E+03 

i  .55EE-404 

2-75lEr04 

5.035E+v35 

36 . 43 

1  2 

77 .  b2  5.17  5 . 7575+0-3 

1  ,334E*r04 

3 . 233E-J-04 

5.233E+35 

7  .RE 

t  ^ 

7t'.4^  0. 69  bB9l-4t+0o 

1  -y7  1 

.'5 !.  B  7  3  E  0  4 

<m  /v  ^  rzT  ^  d 

33.35 

1  4 

77.54  ii.20  7.3155+03 

i .3525^04 

4 , I 0SEr04 

5.4535+05 

+0.22 

n  V; 

;,-35JgErig4 

4.34SE+05 

37  >—  C  '7 

w*  U  d  -w  i 
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P  r  o  gr  a N a  m  e  ^ 

Raw  data  starsd  on  fila^ 

D  a  t  a  t  a  k  e  n  b  y  *. 

!  u  b  'S  X  y  P  '2  * 

F in  5  p  ac i ng  ,  w i d  t  h  ,  he i go  *  - 
Tuba  .material  J 
T  her m a  i  c  o n  d u c  1 1  v  i  r,  y ' 

Inside  diamexer- 
Roct  diarietar ' 

Pressure  c end it. ion “ 


DRPrLL 

395Fi2 

i  tMuHcu  K 

RECTANSliLAR  FINMED  TUBE 
!  .50  1  . 00  0  -  R5  '■  ’ 

STftIML£S5-STE£L 
14.3  (W/ri~K) 

;  3 . 3S  i  nf’i  / 

I  4. 24-  (.'nr'!) 

RTMGSPHERIC 


Flow 


2  70 

3  S0 

4  58 
b  43 

5  33 

7  23 

S  20 
9  30 

i  0  43 

•  1  CT  n 

1 2  S3 

13  73 

!4  33 


Roori 

Ini 

et 

Outlet 

Stea 

n 

Bag 

G 

Xduc 

er 

T  e 

Terp 

Ter^p 

Temp 

Fres 

S 

Pres 

5 

degC  ) 

‘  deg 

\ 

/ 

( degC ) 

i  dagC 

\ 

(KPa 

) 

( KPa 

21 

.4B 

19. 

40 

20 ,  S3 

1  00  . 

1 

1 82 . 

0 

101  . 

S 

n  1 

iL  1 

.41 

i  'd  j 

70 

2K35 

!  00. 

0 

101  . 

4 

1  00  > 

3 

2  1 

4E 

23. 

03 

21  .35 

100, 

-j 

102. 

0 

101  , 

7 

2\ 

,51 

23. 

05 

22.20 

100. 

0 

10!  . 

4 

10t  . 

\ 

?  1 

.53 

20. 

34 

22.38 

55 . 

3 

101  . 

•y 

( 

101  . 

3 

21 

.50 

20. 

60 

23.78 

180. 

0 

101  . 

4 

101  , 

2  1 

.51 

23. 

53 

’*7  ‘1  OG 

4  4  .  a  G 

•00. 

1 

100. 

100. 

3 

21 

20. 

55 

24, S2 

100. 

1 

100, 

7 

100. 

X; 

^  1 

n:o 

20. 

84 

23.34 

100. 

0 

1  00 . 

4 

100. 

9 

i 

c  } 

.43 

A.  4/  . 

34 

23.35 

100. 

1 

1  m . 

8 

;0i  - 

0 

21 

.4B 

20. 

34 

77 . 93 

100. 

2 

100. 

3 

101. 

0 

1 

.48 

21  . 

09 

22.34 

100. 

t 

100. 

1 

$ 

1  00  . 

3 

2  I 

2l 

.55 
.  4  I 

21  , 
7 1 

14 

1 7 

*7  7  "^Q 

4^  .  ..  «  V  0 

22.64 

109. 
95 . 

0 

3 

1  00 . 
1  00  . 

3 

0 

101  . 
l  00 . 

0 

G 

VOitS 


Gur.''ent 


385.2 
385 , 0 

“  0  C,'  ♦ 

385 .  i 
384.8 

384.3 

385. 3 
585.2 
385,0 
385.1 
385.0 
384.7 


335. 


2.74 

2.74 

2.75 
2.75 
2.75 
2 .75 
2.75 
2. 75 

2.75 

2.75 

2 . 75 

2.75 

7  '7.3;; 

2.75 
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ti.')  ixj  c:a 


Progrsi^  Nainei 

Ra?^  data  stored  on  file: 

Data  taker)  by’ 

Tube  type: 

Fin  epacing,  width,  height: 


i.NQH£CK  < 

RSCTnMGULi^R  FIMNE 


T  h  a  r  pi  a  i  c  o  n  d  u  c:  t  i '/  i  t  y :  4  -  w  ( Vv  /  pi  / 

Insids  diameter:  12.03  ' mn ) 

Rc-ot  diameter:  :4.,24  mm  ) 

Pressure  c  or  d i 1 1 o  r :  ft ‘ Mu S  r  htH i 0 

System  sower :  25 . 74  ( KW  ) 

S 1 6  a  PI  V  s  i  G  c  i  t  v' :  '*  •  v  ^  j  \  rn  /  5  / 

This  analysia  inciudas  -sHd^firt  aftsct 
HEATEX  insert  installed  in  tube 

E n h  n ^ e n ^ n t  s  b a r on  c n pi p a i'"' i  s o n  to  i n c H e c I’**  5 .n c 

Uiiaon  Plot  regression  coeffici^nx  -  1,©0D 
Cl  (based  on  Petukhov^Popov )  i:;i547 

Alpha  (based  on  Nusseit  )  ^  1.042 

Enhancement  (constant  heat  f  lu:< -  1  .  3p  i 
Enhancement  (  constant  temp  drop  >  -  ’1,260 


cth  tube  data 


Overall  Gut-side 

Coolant  Heat  Xfer  Heat  Xf^^ir 


Haab  Kfer 


Ue 

i oc i t  y 

Coe  f f icient 

Coefficient, 

u06  f  7 i c 1 en  t 

Flux 

i  s~ i wa 

ta 

LMTD 

Uw 

Uo 

He 

H.1 

Qp 

Txf 

t 

( degC  ) 

( n/5  ) 

(W/ifl''2-K  ) 

(iJ/r-rZ-K  j 

; W/m"2~K  > 

(y/m''2  ) 

( degC 

se.Bi 

4.20 

B  .  SS8t'!‘0.:J 

i  .540£-)-04 

4. 1 31 £+04 

.551E+05 

41  ,72 

u 

79,44 

3.59 

S. 343E+03 

r  .  t-y  »  ; 

3/?iS£+©4 

5 

.  5 '!  5Eft05 

4  S » 0  7 

X 

7S .  1 7 

3.17 

S.S25E+03 

1  .  40  1  E‘>“04 

3,290E+04 

c 

,4S3E+05 

w  O  •  ^  f 

4 

78.33 

2  •  SS 

B.543E+03 

1 .4255+04 

3.34j£+04 

w 

.247E+05 

36.79 

5 

73.31 

2,15 

S » 409E‘^03 

1 .459E+04 

2 . 387E+04 

.01  9E+'05 

34,39 

S 

77.85 

1  .64 

5.0]  75^-03 

i .4S1E+04 

1 .913E+04 

4 

.  5S5E+05 

31  .64 

7 

77  ..1  2 

!  .  1  3 

p  ^  ^7gc-v07; 

1  . 56  ?  b.+’4i|-^ 

i .41 35+04 

4 

.22SE+-05 

27.07 

77*48  1  .  t3  S.453E"t"03 

77. Si  1,64  S.052Er03 

77.33  2.15  S.35SEx®3 

.  30  2 .  S  E  5 ..  55 1  E*t03 

.10  3.  1 7  b.S43Er03 

.04  3.53  b.SBSE-^Bp 

.04  -4.20  7,i05E'^@i 


548Ft04  i.40?Er04 


1.9! 3Er04 


433E^0-4  4*400E-r04 

42'iEp04  2vS-£5£r04 

40iEr04  3.320E-t04 

585Er*34  3-774h+04 

375Er04  4,2i  iE•^04 


225E+0 
53]E-t0 
3SSEi'0 
Z08E+05 
344£i''0b 
4 5  4 £  f  0  5 
545E+05 
073E+0b 


40  .  bu 

35 .  E8 
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m  LO  »x> 


Program 

Mams : 

DR PALL 

Raw  data 

stored 

on  fil 

s:  312SA2 

Data  tak 

en  by: 

IMGHECK 

Tube  type- 

RECTANSULAR  FINNED 

TUBE 

Fin  spec 

ing,  wi 

dth,  he 

ighi:  1.50  1.00  1.26  < 

-im  ) 

Tube , mat 

er 1 a i : 

STAINLESS-STEEL 

Thermal 

conduct 

t  V  i  t  y  : 

14.3  (W/p\-K) 

Inside  d 

iaRet  sr 

: 

1  3 . 08  C  Wiio ) 

Root  die 

p-eter ; 

14.21  (nn) 

Pres  sure 

co.^dit 

ion : 

ATMOSPHERIC 

- 

Room 

Inlet 

Out  let 

Steem  Sags  .Xducer 

Flow 

Temp 

T  e.^ip 

Temp 

Temp  Press  .Press 

Volts 

G  Li. ^  rent 

\  pet  ) 

( degC  ) 

degC  ) 

( dsgC  ) 

(degC)  (KPa)  CKPa) 

<  V/ 

J 

80 

21  .2S 

28.37 

21  .73 

SS.5  38. 6  98.4 

334.3 

2.74 

/ 

?0 

21.32 

20. 7S 

7  0  A  -i 

4-  t  t 

100.4  101.4  101.3 

335.0 

7  A. 

w 

B@ 

21 .13 

21.03 

22,  S0 

100.1  188.7  100.4 

334.7 

2.74 

4 

50 

21,73 

21.26 

23.21 

39. S  39.3  39.5 

38S .  1 

2.74 

5 

40 

21  .44 

21  .56 

25 . 88 

180.1  93. 5  100.5 

384 . 8 

2.74 

S 

30 

2 1  .  4S 

21.33 

24. S7 

100.1  59.3  100.2 

384 . 5 

2.75 

7 

20 

21  ,43 

21.78 

25-51 

100.1  95.4  100.4 

384. 7 

2.74 

8 

20 

r  1  .1C 

4-  {  ,  -f  O 

21  .67. 

oq  At 

4.  t:  -  ^  j 

:  00 .0  93.1  1 08 . 1 

384.3 

2 . 74 

3 

30 

21.48 

21.55 

4  70 

z.',  4  /  0 

100.1  99,3  100.4 

3S5.2 

2.74 

[0 

40 

21.70 

21.94  . 

24 . 25 

180.2  100.3  101.2 

335 . 2 

7  ’74. 

1 1 

58 

21  .61 

21.34 

23.39 

93.8  38.6  93.6 

385 . 2 

2.74 

1 2 

68 

21.32 

22.05 

23.74 

100.0  93, S  100.5 

334 . 8 

2.74 

i  •O 

78 

21.45 

no  r o 

23 . 7? 

100.2  99.5  100.5 

334 . 9 

2.74 

14 

88 

21.71 

22.33 

23.87 

100.0  99.1  99,3 

334 . 3 

2.74 
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Procrar^  Nellie:  DfiF^LL 
Rou;  data  stored  on  rile:  Si2Sfn2 
Data  taken  by: 


Tube  typ‘3' 

RECTnNSuLAR  FINNED 

TUBE 

Ftn  spacing, 

width.  hsJ 

q[;  c :  1.50  1.00  i  .  db-  ’  r 

Tube  P'-ateria 

1  , 

STAINLESS-STEEL 

Tnermai  conp 

activity: 

.  14,5  ( iv/r-K  ) 

Inside  dlarne 

t  r  • 

15.. 03  (  rm  ) 

Root  diar^ete 

r  ■: 

14.21  ; ) 

Pressure  condi t  lOJi : 

ATMOSPHERIC 

Systef’*:  power 

r 

25,72  (Ki/k) 

Steer,  veioci 

t  y : 

1,03  ( m/s  ) 

Ihis  analysi. 

s  includes 

and-fin  effect 

KEPTEX  inser 

t  instailec 

in  tube 

E  n }  ■  anc  er  e  n  t-  s 

based  on  c 

ompar.ison  to  Incheck  snoo 

t h  tuoe  da 

t  a. 

IvMlson  Plot 

regression 

c oe  f  f  i c;  t  •  -  1  . 000 

Ci  (based  on 

Petukhov-F 

opcv  )  2.319 

Alpha  (based 

on  Nusscit 

^  0.32S 

Enhancenent 

(constant  h 

eat  fluin)  -  t  ,  468 

Enhancement 

(constant  t 

amp  drop)  -  K123 

Overall 

OAitslda  In^side 

Goolent 

Heat  Xfer 

Heat  Xfer  Heat  Xfer 

Heat 

Uelcci ty 

j  0  e  P  r  i  0  i.  e  rrc 

Coaffioient  Coefficient 

Flax 

i  O 

r,  4a  1  ■} 
t  w  d  i.  j. 

Oats 

LriTD  Vw 

Uo 

Mo  Hi 

Op 

Txf 

■it- 

if 

(degC)  (r/s) 

( W/n"2-K ; 

(  W/p'5'^2~K  i  vU)/r''2-K) 

(W/n'‘2  ) 

(  d 

egC  ) 

-j 

73.49  4.20 

S .  5345'i'03 

1 . 1 9SE+@4  3,?35Er04 

5. 1 2SE+05 

42 

.  81 

■y 

73.83  5. S3 

S.47BE^03 

1.224E+04  3.i21E-i-04 

5 , 105E+05 

4 1 

-  72 

3 

78. IB  5.17 

B .  337E-r05 

J.234e-f@4  3,!22.:JF-^34 

4 . 352E+05 

40 

.15 

4 

77. S0  2,66 

S, I49E+03 

!.2$5E+04 

4.77 iE+05 

3S 

73 

5 

77.34  2.15 

5. 937E+03 

i.2?7£+04  3,22SS+04 

4.5S2E+05 

7- 

w  ^ 

cr 

B 

78.30  1,54 

5.53SEt03 

1.307Er04  i'.762£+04 

a,297E+05 

.89 

7 

7S-43  K13 

5.0785+03 

i.370E40^i  tV5g£-*-S4 

3,SS0E+05 

yC; 

,  OO 

o 

78,42  l.:5 

5.0S7E+03 

!.379£^04  l.235E-i-0i 

3,3S7£+0E 

2S 

,  1  S 

9 

78.70  1.S4 

5.57SE+03 

l.297Er04  i yo4£T@4 

4  ^  279E-;-  05 

7— 

.00 

10 

77.15  2.15 

5.327E+03 

1.2SQ£i-34  2U0SEt04 

4.572E+05 

5£ 

.04 

1  ! 

7S.94  2.GB 

5^ 175E+03 

I.ZSiEfgJ  2.S3aEf04 

4. 75 IE+05 

0  f 

n  r 

i  y 

77,15  5.17 

b .  d53E.+03 

i  .  ,2 35Eta!4  5  .  @£riET04 

4 . 30 ! E+05 

0  b 

.  Zi  0 

'  r 

77.18  0  .  S  9 

6 ,45eE+03 

T4?B£-f-34 

4  ..  99  ]  E+0+ 

U.  ' 

]  ~  * 

i  4 

7S . S9  4.20 

3.559E+03 

i,i33ET04  2,9TS£t04 

5-043E+05 

42 

.  '!  b 

Avq 

’  . '28. 4£ r2.4  ' 

4 .  b  b4ET.05 

5? 

I  X.'  4. 
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u 


Program  Name- 

RsUi  dfitS 

5 1  orsd 

i3ata  take 

n  by^ 

Tube  type 

«  ■ 

Fin  spaci 

r\g  ,  wi 

Tube  Mate 

rial « 

Therwai  c 

on duct 

Inside  di 

amet  ar 

Root  diaM 

e  t  er : 

Pressure 

condit 

Room 

Inlet 

Flow 

Temp  , 

Tsmp 

pet  > 

( dsgC  >  ( 

degC ) 

■30 

21.81 

28.23 

70 

21  .63 

20.65 

60 

21  .S3 

2  1  <  07 

50 

21  ,89 

21.17 

40 

21.38 

21.39 

30 

22.02 

Z1  .59 

20 

21  .86 

m ^  Cl 

20 

21  .80 

21  .41 

38 

21  .79 

21  .S7 

40 

21  .30 

21  .SI 

50 

21  .86 

2K70 

S0 

21  .86 

21  .BS 

70 

21.75 

21.37 

•38 

21  .77 

22.84 

DRPfnLL 

3125A3 

INCHECK 

RECT ANGULAR  FINNED  TUBE 


.58 


I  ,  2b  ( ) 


3TnINLESS-3TEEL 
14.3  ( W/r^i^K  ) 
•3.03  ( ) 

I  4 . 2 1  (  mm ) 


c 

o 

AT 

V  ?  * 

NG SPHERIC 

Out  let 
Temp 
( degC ) 

Steam 
Temp 
( degC  ) 

Gage 
Press 
( KFa ) 

X  uucei 

Pr-e53 

(KFa) 

21.55 

22.28 

93.5 

i  08 . 0 

108.0 

101.4 

99.7 
101  .2 

Ualts  Curreni 
( U ) 


22-80 

89.7 

23 . 1 7 

100.0 

23.74 

100.2 

24.46 

99. S 

25.30 

100.1 

25.21 

100.1 

24.54 

1  00 . 1 

23.97 

100.2 

23.65 

99.5 

23.40 

103.2 

23.45 

39-8 

23.41 

1 00 , 0 

SB. 6 
i  88  -  0 
100,0 
93.3 
100.3 


33,8 
!  00 . 9 
[01  -8 
180.3 
101  ,  ^ 


335.0 

355.3 

335.4 
385.1 

384.4 
334.8 


*7  ■'i 


2.75 


100.0 

101  .2 

395,2 

100.0 

100.S 

3S5.8 

100.3 

101  .2 

335.2 

33.2 

99.2 

oS4 .  / 

100.1 

101.0 

335 . 2 

99.3 

130.2 

384.9 

100.1 

101  .0 

335 . 2 

.75 

.75 

.75 

.75 

.75 

.75 

,  l'  w 

.75 
=  75 


230 


Ln 


P  r  0  Q  T  5.  N  a  G 

:  - 

ORPAuL 

Raw  data  a  to 

r  e  d  0  n  f  i  i 

e  ^  5 ! 

Data  taken  b 

V ' 

/iUO^iECK 

Tuba  typei 

RECTANSULAR  FINNED 

{USE 

Fin  apaclnci. 

width  ,  he 

iglii  :  i  ,  50  1.00  -1.25 

T’O 

Tube  nateria 

i : 

STAINLESS-STEEL 

T'herrnai  cond 

uct ivi ty : ^ 

I  4. 3  (w/rf;-K) 

Inside  diame 

t  er  i 

13.03  ( nr? ) 

Root  diamete 

r " 

.  •  ’  14,21  ( ‘.'j  n  / 

Pressure  con 

dition: 

-  ATMOSPHERIC 

Sy 5 ter^  power 

i 

-•25,-74  (Ki4? 

Stean  veloci 

4  *./ ; 

V  1.05  (n/a) 

This  anaiyai 

s  includes 

e  n  d- 1  n  --e  r  feet 

HEnTEX  Ir.ser 

t  installs 

d  in  tube 

Enhancei'f^ent  s 

based  on • 

ocf^par  Ison  '  to  InchecK  sraoc 

1 1  •  c  u !  j  e  d  a,  '.1 

•- 

Wiison  Plot 

regression 

eoeffiei-ent  -  0.59S 

Ci  (based  on 

F  e  i  u  k  hs  y 

Rog&> )  f  C.323 

Alpha  (based 

on  Nussel 

i )  ■  -  0 . SS5 

Enhancsf^ent 

( constant 

heat  f  lu>t )  =«  t  ,2*2 

Enhanceroent 

•(  c  o  n  s  t  s  Fi  t 

liewp  drop)  -  !  .  I  bS 

O  ver  a  i  1 

Outside  Inside 

Cooiant 

Heat  Xfar 

Heat  Xfer  Heat  Xfar 

Heat 

Ueioci ty 

Goer f icisn 

t  GoePficient  Coefficient 

Flux 

T  s-Twa 

Data 

LHTD  Uui 

Ug 

Ho  Hi 

Qp 

Txf 

t 

(  dsgC  )  ( i>i/5  ) 

( W/rf^‘2-K  ) 

i  W''ri''2’-K  )  \  W/ri'p-K  ) 

) 

(degC 

t 

73.59  4.20 

S ,  6S8£-k03 

i.2£0E+04  3. 8025+04 

5 , 257E+05 ■ 

42 , 04 

2 

7S.5B  5.59 

S .  S05E'^03 

1 , 270E+04  3  1  424E+04 

5.  139E+05 

40.95 

o 

77. S2  3.17 

S  ,  44 4  £4*03 

i ,274E+04  3.0345+04 

b  ©  1 SE+05 

39 . 35 

4 

77  *  8 1  2 . bS 

5=2505+03 

! .2915+04  2.622E+04 

4.87IE+05 

57.75 

c 

77. S0  2.15 

5 . 994Et  03 

1 .303E+04  2 . 20 i Er04 

4. 5515405 

35 . 70 

S 

75.74  i.S4 

5-S53E+03 

1  .344E+04  { .7525+04 

4 . 3 45E+05 

32 . 33 

7 

75.55  1,13 

5. 1545+03 

1 .4235+04  1  ,2SEE+04 

5.9515+05 

27 ,  SS 

3 

75,75  1.13 

5.!5iE+03 

1 .4285+04  1  .2945+04 

3.9555+05 

Z7.70 

S* 

75 .95  1 . G4 

5.B55E+03 

i.339£+04  i.TSoEtOd 

4 . 352E+0S 

32 ,,  58 

t  i  ':' 

77,44  Z..  IS 

S  .  0  2  3  E + 0  3 

1 . 3 1 3E+04  2 . 2vEE+04 

4.562Ef0b 

35 .50 

1  1 

7  5  .  S  S  2  ,  S  S 

5 . 25SE+03 

1  .28bE-r04  2,33BE+04 

4.8: 

57. 3S 

1  2 

77.56  3.17 

S. 4275+03 

! .2S4E+04  5-0S3S+04 

4.99: £+05 

35,45 

1  j 

77.03  3. S3 

3,S87E+03 

i  .25SE+04  3.47I]£^04 

5,0775+05 

/1 1 

"1  .  S  [ 

1  4 

77.25  4,20 

5,5S4E+03 

l,Z4!E+04  3.B7S£-{*04 

5 . 1  S5E+05 

4 1  .54 

Avg 

!  .  3  0'  5  b.  +  0  ’•1 

4 , 735E+0.5 

rc'  c 

UO  .  *T.J 
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Program 

Nane : 

OR P ALL 

Raw  dat 

a  stored 

on  file 

5142.43 

Data  ta 

ken  byi 

IMCHECK 

Tube  ty 

r*v  dCi  • 

H  ^  • 

RECTANSOLftR 

FINNED 

TUBE 

Fin  5pa 

cing  ,  wi 

dth,  hale 

jht :  1.50  I  .  00 

1  .42  ( 

nfn  ) 

Tube  yia 

t sr  iai  : 

3TdIML£5S~5 

t£L 

Thernal 

conduct 

iyity; 

14.3  (L./m-i 

) 

Inside 

diameter 

; 

13.10  ( .•'rm  > 

Root  diar^^eieri 

14.23  (  n.''! ) 

Pressur 

a  condit 

ion: 

ftTliOSFHERIC 

RC'Ofn 

Iniet 

Out  .lat 

StsaPi  Sage 

XduCer 

Floui 

Tsmp 

Tsmp 

TePip 

Tapip  Ppaes 

Press 

Vg  its 

Current 

(pet  ) 

( degC ) 

( degC  ) 

<  degC ) 

( degC )  ( KPa ) 

( KFa ) 

(^) 

1 

S0 

20 . 48 

17.73 

15.07 

100.4  100.7 

109.S 

384  -  3 

2.74 

70 

20.49 

18.02 

,19.50 

100.0  1 00 . 0 

100.0 

385.  1 

2.74 

3* 

S0 

20.  S2 

18.26 

13.33 

100.3  100.7 

100.8 

335.  ! 

2.74 

*!f 

S0 

20.55 

18,25 

20.21 

100.0  39 . S 

100.0 

3SS.  1 

2.74 

5 

40 

20.55 

1 S .  54 

20.81 

100.0  93.3 

100.1 

384.3 

2.74 

S 

30 

20.59 

, 18.77 

21  .58 

100.1  SS.3 

108.4 

335 . 2 

2,74 

7 

20 

20.58 

18.60 

22.32 

108.0  98 . S 

93.9 

384.8 

2.74 

8 

20 

20.57 

18.60 

22.32 

33. S  99.3 

180.0 

384.7 

2,74 

3 

30 

20,58 

18.84 

2 1  . 53 

99.9  3S.7 

99.9 

585 . 2 

2.74 

1© 

40 

20.  S2 

18.SS 

20.35 

39, S  98.6 

39.7 

385.  1 

2.74 

1  i 

50^ 

20.63 

13.63 

20.60 

190,1  93.5 

100.3 

334.9 

2.74 

t2 

50 

20.  S0 

18.32 

20.5? 

39.9  38,6 

39.6 

334 .  a 

7  4 

4-  »  1 

13 

70 

20.  B0 

18,38 

20.44 

180.0  98.8 

93.3 

385.0 

2.74 

U 

80 

20.53 

19.04 

20.35 

39,9  93.1 

108.3 

335.0 

2.74 
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Program  Name:  DRPftLL 

Raw  data  stored  on’fi^s:  .  S14-2A3 

Data  taken  by:  ,  .  IHCHfSfc: 

Tube  type:  ,  RECT^iNGULftR  FINiVED  TUBE 

Fin  spacing,  width,  haiglit:*  1.52  1.00  1.42  (mm) 

Tube  material:  2.  STAINLESS-STEEL 

Thermal  conductivi iy.  14.2  (W/n-K) 

■  Inside  diameter:  13. 13  (mm) 

Root  diameter:  .  .  14.23  < mn ) 

Pressure  condition:-  ATMQSPMERIC 

System  power:  25.73  (KW) 

Steam  velocity:  1.03  (ro/s) 

This  analysis  includes  snd-r'in  eff-ect 
MEATEX  insert  installed  in  tube 

Enhancements  based  on  comparison  to  Incheck  smooth  tube  data 

Wilson  Plot  regression  ooefilicient  *  f.000 
Ci  (based  on  F-etukhov-Popov  >  =  2.433 

Alpha  (based  on  Nusselt)  =  0.8S1 

Enhancement  (constant ■ heat  flux)  =  1.055 
Enhancement  (constant  temp  d-op )  =  1.041 

Overall  •  Outside  Inside 

Coolant  Heat  Xfer  Heat  Xfer  Heat  Xfer 

Uelocity  Coefficient  Coefficient  Coefficient 
Data  LilTD  Uw  Uo  Ho  Hi  . 

t  (rtegC)  (m/s)  (W/m^Z-K)  (W/m"-2-K)  (W/m'g-K) 

1.088E404  3.S60Er04  5.a28E+05  4S.22 

1.0336+134  3.471E+04  4.gt3E+05  44.75 

1.13ttt04  3.070E+04  4,S03E+05  43.58 

1.125E+04  2.S5tE+04  4.S77E+0S  41.54 

1.141E+04  2.226E+04  4.435E+0S  39.23 

1.1 705+04  1.783E+04  4.22SE+05  35.12 

1.232E+24  i.310E+04  3.853E+0S  31.29 

1.242E+04  1.3t0E+04  3.8S9E+05  31.36 

l.lS9Et0‘1  t.?34E+84  4.211E+05  36.02 

1.136E+04  2.230E+04  4.457E+05  39.23 

1.1286+04  2.S63E+04  4.S72E-f0S  41.42 

l.ri'3E:+a4  3.0S3E+04  4.773E+05  42.88 

|.095Et04  3.S08E+04  4.8S4E+0S  44,41 

1.0336+84  3.3t7E+04  4.945E+05  45.2? 

l,13SE+04  4.554E+05  40.22 


81.98 

4.19 

S.  1346403 

81  .26 

3.68 

6.054E+03 

81.17 

3.  IB 

5.314E+03 

80.75 

2,65 

5.792E+03 

80.36 

2.14 

5.581E+03 

79.89 

1  .63 

5.290E+03 

73.56 

1.12 

4.843E+03 

79.41 

1.12 

4.S50E+03 

73.62 

1 .63 

5.29e£+03 

30.01 

2.14 

5. 571 £+03 

80.50 

2.65 

5.804E+03 

30.12 

3.  IS 

5 . 357E+03 

30.28 

3,68 

S .  046E+03 

80.23 

4.15 

6 .  !64E+03 

Heat 

Flux  Ts-Tuiail 

Qp  Txf 

(U/m'-2>  (degO 
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ProaraM 

Name: 

DRPALL 

Raw  data  stored 

on  file: 

S 1 42A4 

Data  taken  by: 

IMCHECK 

Tube  type: 

RECTrlNSULAR 

FINNED 

TUBE 

Fin  spa 

cine,  width,  height:  1.50  1.00 

1.42  (! 

*!m  > 

Tube  na 

teriai : 

STAINLESS-STEEL 

Thermal 

conduct 

ivity* 

14.3  <W/m-K>  . 

Inside 

diameter 

: 

13.10  ( mm ) 

Root  dl 

ameter: 

14.28  (mm) 

Pressure  condit 

ion: 

ATNOSPHERIC 

- 

Room 

Inlet 

Outlet 

Steam  Sage 

Xducer 

Flow 

Temp 

Temp 

Temp . 

Temp  Press 

Press 

Uolts 

( pet  ) 

( degC ) 

<  degC ) 

(  degC  > 

( degC )  (  KPa i 

(KPa) 

( V ) 

1 

80 

20.02 

17.1 1 

18.46 

100.2  100.7 

100.4 

585. 1 

'? 

70 

20.03 

17.41 

13,30 

100,2  100.7 

100.2 

384.9 

3 

60 

20.04 

17.67 

19.36 

100.1  100,7 

100.4 

385 . 1 

4 

50 

20.07 

17,66 

19,61 

100.1  100.9 

100.4 

384.9 

s 

40 

20.03 

17.85 

20.13 

99.3  100.0 

99'.  5 

335 . 1 

s 

30 

20.08 

18.02 

20.37 

100.3  101.4 

101  .3 

384.9 

7 

20 

20. 1  1 

18.22 

21.98 

100.2  100.7 

101 . 1 

385 . 3 

8 

20 

20. !  t 

IS. 20 

21.96 

100.2  100.7 

101  .2 

385.0 

9 

30 

20.14 

18.22 

21.05 

100.1  100.1 

100.7 

385.1 

10 

40 

20.14 

18.22 

20.51 

100,1  100.3 

100.9 

335.0 

t  1 

50 

20.16 

18.34 

20.25 

100.0  93,3 

180,4 

385.0 

12 

50 

20.17 

13.39 

20. -06 

100.1  100.0 

100.4 

385. 1 

}3 

70 

20.20 

18.70 

20.16 

100.8  100.0 

100.3 

335 , 0 

14 

80 

20.20 

18.76 

20.08 

100.3  100.7 

101.1 

385.0 

Current 


2.76 

n  nc 

^  w  f  u 

2.76 

2.75 

2.76 
2. 76 
2. 76 

.2.76 

2.76 

2.76  . 

2.76 

2.76 

2.76 

2.76 
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Wilson  Plot  .''egresaion  -  Q.9B3 

Cl  (based  orj  Petukhov-Fopov  i  -  f  2 . 47'0 
Pilpha.  (baaed  on  Nusoeit  )  ••  ■  •  »;-^«3S4 

Erjhancor^jent  (constant  heat  -  f ~  1,060 
£n}ianc6fnsnt  (constant  t^-mp  dr-op  i  f  1,045 


Overall  OiJtside  Insida 


Coolant 

Heat  Xfer,' 

Heat  X  f  a  r 

Heat 

‘eiocit  y 

Coe PPic lent 

CoaP Pic  lent 

Coef  f icient 

Flux 

Data 

LUTD 

Ow 

Uo 

ido 

•  •  Hi 

# 

( dsgC  ) 

(^•t/s  ) 

( W/?^‘'2'-K  ) 

(y/jn-'2“K  ) 

( / 

1 

52,41 

4,  13 

o  ,  !  ’<'3E  r03 

\ .037E+04 

3 . 1B30E+04 

5 

087E+05 

2  • 

82 . 0  ] 

3.  S3 

S,0?0Et@3 

!  .  1  02E+^ 

3,4935+04 

4 

373E+05 

0 

S!  ,S0 

3 , 1  G 

5 . 933Er33 

i  .  i22£T0i1 

3,S36E+04 

4 

892E+05 

4 

Si  .48 

7  oc: 

5 , 31  4£'r  03 

i  . i30£+04 

2.872E+04 

4 

737E+©b 

5 

80.83 

2.14 

5, 5SSC+03 

!  u- 1  40E+04 

;i,242E't04 

4 

5iS£+05 

5 

80 . 30 

t  ,S3 

S.^ZCE-fOo 

1  .  ie3ET04 

!  .725E+04 

4 

30SE+05 

7 

30. 0S 

1.12 

4.S71£i-05 

]  ,23SE+04 

1  ,324E  +  04 

5 

B33C+05 

S 

30 . 03 

1  t  r 

4,8S3E+03 

1  .23GE+04 

1 .3245+04 

3 

S00E+05 

S 

80 . 50 

1  .S3 

5.28S£t03 

1  .  1S2E404 

i  .'73SE+S4 

2  b  7  ii + 0  5 

10 

30. B9 

2.14 

b.G06E-^03 

I  .  t  4GE+04 

2.252E+04 

.i 

523E+0b 

;  1 

80,71 

2 . 5  5 

5,773E+03 

1.11  3Ed-04 

2 ,  GS3E+04 

4 

SS4  b  +05 

!  7 

30.84 

b.37SE-r03 

1  . 1 I7E-04 

0  .  i  4  i  E  +  ^  4 

■1 

S33E^05 

‘  3 

O  f?-  c  o 

•wi  ‘O  •.  -j  o 

•0  -  0  d 

B . 030b +03 

1  .083£‘^04 

•3  .  SbC-s:  +04 

4 

S  b  b  b + 0  E 

f  4. 

•S3, 88 

4.13 

b  .  ^  3bc“^0w 

!  .  08 1 £+04 

3.CE4E+04 

C6GE+05 

Avo 

1  .  i39£+04 

4 

,  300b+0S 
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Frog ran 

Raw  data  stored  on 
Data  taken  by: 

Tube  type: 

Fin  spacing,  width 
Tube  material : 


ORFALL 
3142RE 
IN check 

RECTANGULF^R  FINNED  TUBE 


helQhi J 


i  ,  30 


!  3  42  ( nn ! 


STAIMLESb-STEEL 


T h er na i  c  on  due  1 1 v i t  y : 
Inside  dianeter: 


14.3  • U/n-K ) 
13. 1 0  ( nn } 


Root  diameter ; 
Pressure  condition’: 


1 4  I ZC  ( nn  ) 
j^TMOSPHERIC 


Room 

Inlet 

Out  let 

St  esm 

Sega 

'Xducer 

Floui 

Tspsp 

Temp 

Temp 

T  emo 

Press 

Press 

Colt  s 

Curran 

( pet  > 

( degC  ) 

(  degC  ) 

( degC ) 

( degC  ) 

(KPa  ) 

( KPa  > 

i  y ) 

1 

80 

i9,78 

17,74 

1  9.09 

33.  S 

93.3 

98.9 

384.9 

2.73 

7 

70 

t3.30 

17.97 

19.48 

138.1 

100.7 

1 80 . 5 

385.2 

2.73 

3 

60 

15.83 

IS. 23 

19.38 

99.8 

1  00 , 0 

39,7 

385.  1 

2.74 

4 

50 

iS.82 

(8,40 

20.18 

100.0 

!  00 . 1 

100.4 

535.0 

2.75 

5 

40 

19.84 

13.22 

20,55 

100.2 

100.7 

100,9 

385.1 

2.74 

S 

30 

15,e4' 

IS.  45 

21.32 

■  188,3 

39.6 

100.6 

3S5 . 2 

2.74 

7 

20 

13.89 

18.54 

22.35 

■  100.3 

39.6 

100.5 

3S4.S 

2.73 

8 

20 

19.89 

13.52 

22.31 

100, 1 

93.4 

100.5 

t  <0 

2.73 

9 

30 

19.90 

18.47 

21  .34 

93.3 

99 . 7 

100.5 

384 . 3 

2.74 

10 

40 

19.92 

18,37 

20.70 

39.3 

98.7 

93.3 

3S5.8 

2.74 

1  ] 

50 

19.96 

18.47 

20.42 

100.  1 

99. S 

100.4 

3S5 .  1 

2.74 
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P'^oara:’^  Nar^e: 

RatJ  data  stored  cn  fila: 
Data  takan  by: 
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Fin  spacing,  width,  h^ighT 
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APPENDIX  E.  UNCERTAINTY  ANALYSIS 


A.  INTRODUCTION 


The  uncertainty  in  an  experimental  result  can  come  from 
systematic  errors,  random  errors,  or  a  combination  of  both. 
Systematic  errors  are  those  errors  that  cause  a  measurement  to 
be  off  by  a  fixed  amount  or  percentage.  Some  causes  are 
faulty  or  imprecise  instrument  calibration  or  limited  system 
resolution.  Random  errors  are  errors  whose  magnitude  and 
direction  vary  without  pattern.  Causes  include  fluctuating 
experimental  conditions  or  insufficient  instnnnent 
sensitivity.  [Ref.  61] 

When  a  calculated  result  is  a  function  of  several 
different  measured  variables,  each  having  its  own  uncertainty, 
the  uncertainty  in  the  final  result  is  a  function  of  each  of 
the  component  uncertainties.  Finding  the  resultant 
uncertainty  from  the  uncertainty  of  independent  components  is 
called  propagation  of  uncertainty.  Kline  and  McClintock  [Ref. 
62]  formulated  a  method  for  determining  uncertainty 
propagation  if  the  component  uncertainties  are  independent, 
relatively  small,  and  have  the  same  chance  of  occurrence. 
Assuming  that  uncertainties  behave  like  standard  deviations, 
they  postulated  that  the  total  uncertainty  (u^)  of  a  quantity 
y  is  related  to  the  individual  uncertainties  (u^)  by 


“y  = 


ax, 


-^uT 


For  example,  suppose 


(E.l) 


y  =  AX1X2+BX3. 


(E.2) 


Then  using  equation  (E.l),  the  overall  uncertainty  is 

Uy  =  ^  (2AX1X2U1)  2  +  (Axi  U2)  ^  (E.3) 
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At  NPS,  Mitrou  [Ref.  30]  wrote  a  computer  program  to 
calculate  the  experimental  uncertainties  in  the  heat  transfer 
coefficients  using  this  method  for  specific  data  points.  His 
program  was  expanded  in  this  work  to  find  the  uncertainties  in 
the  heat  transfer  coefficients  for  a  complete  data  set  and  for 
the  final  quantity  of  interest,  the  enhancement. 

B.  UNCERTAINTIES  IN  THE  MEASURED  VARIABLES 

To  begin  the  uncertainty  analysis,  the  uncertainties  of 
the  measured  components  are  required.  The  measured 
uncertainties  in  the  dimensions  of  the  tubes  (root/inside 
diameters  and  end/ condensing  lengths)  were  observed  to  be  very 
small  and  hence  are  neglected.  The  uncertainty  in  the 
rotameter  reading  (u^q,)  is  taken  as  ±0.5  percent  due  to 
calibration  uncertainty  and  rotameter  fluctuation.  The 
uncertainty  in  thermal  conductivity  for  stainless  steel  (u^) 
is  estimated  from  the  curve  fit  in  Thermophvsical  Properties 
of  Matter  [Ref.  63]  as  ±1  W/m-K.  The  uncertainties  in  the 
coolant  inlet  and  outlet  temperatures  as 
measured  by  the  quartz  thermometers  are  a  function  of 
calibration  and  precision  uncertainties.  The  total  is 
estimated  as  ±0.05°C  [Refs.  61,  64]  .  Lastly,  the  uncertainty 
in  the  steam  thermocouple  measurement  estimated  as 
the  sum  of  a  ±0.1°C  calibration  error  [Ref.  61]  and  a 
precision  error  of  ±0.1  °C  for  vacuxam  runs  and  ±0.3®C  for 
atmospheric  runs.  This  precision  error  was  introduced  after 
noting  that  the  two  vapor- space  thermocouple  readings  differed 
by  up  to  these  amounts  during  experimentation.  The 
thermocouples  share  the  same  thermal  well  but  contact  slightly 
different  portions  of  the  well  wall.  The  difference  in  their 
readings  increases  at  higher  temperatures  where  the  thermal 
well  temperature  gradient  is  steeper.  The  total  is  then 
±0.2  and  ±0.4°C  for  vacuxam  and  atmospheric  conditions 
respectively.  Finally,  because  all  the  thermophysical 
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properties  in  the  analysis  are  represented  as  polynomial 
expansions  of  temperature,  their  uncertainties  are  simply 
their  first  derivatives  with  respect  to  temperature  multiplied 
by  the  uncertainty  in  temperature. 

C.  UNCERTAINTY  ANALYSIS 


The  HP -BASIC  program  UNCERT  is  coded  by  combining  the 
data  reduction  portion  of  program  DRPALL  with  the  Kline  and 
McClintock  [Ref.  62]  uncertainty  analysis  procedure.  An 
uncertainty  is  calculated  for  each  equation  in  DRPALL  to  yield 
individual  uncertainties  for  the  coolant  mass  flow  (m)  and 
velocity  (v^)  ,  inside  heat  transfer  correlation  (D) ,  log-mean- 
temperature -difference  {IMTD)  ,  heat  flux  (q")  ,  and  overall 
heat  transfer  coefficient  {U^)  for  each  data  point. 

Because  the  inside  and  outside  heat  transfer  correlation 
leading  coefficients  (C^  and  C^)  are  not  calculated  from 
explicit  equations  but  rather  are  determined  from  a  least- 
squares  line  fit  in  the  modified  Wilson  procedure,  their 
uncertainties  are  calculated  by  a  different  method  [Ref.  65, 
p.  498] .  It  is  assumed  that  the  Wilson  X-Y  data  points  are 
normally  and  independently  distributed.  A  100  {l-a)  confidence 
(or  uncertainty)  interval  with  n-2  degrees  of  freedom  on  the 
slope  (m)  for  simple  linear  regression  is 


fti-t. 


^  m  ^  ^h+t. 


a‘^ 


(E.4) 


Similarly,  a  100 (l-a)  uncertainty  interval  on  the  intercept 
(b)  is 


£- 1 


\  ^  ^XX) 


(E.5) 


For  equations  (E.4)  and  (E.5),  the  unbiased  estimator  of  the 
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The  uncertainty  in  enhancement  (Ug^y)  is  then  calculated  by 
applying  Kline  and  McClintock  [Ref.  62]  to  equation  (4.47)  to 
yield 

(E.12) 


For  a  95  percent  confidence  interval  and  14  data  points  (n) , 
q!/2  =  0.025,  n-2  =  12  degrees  of  freedom,  and  t  =  2.179.  In 
equation  (E.12),  ^co,  smooth  determined  by  merging  two 
smooth  tube  data  runs  for  each  pressure  condition  and  using 
the  uncertainty  analysis  on  these  merged  28  point  files. 

Once  the  uncertainties  in  and  are  found,  the 
uncertainties  in  and  are  determined  by  applying  Kline 
and  McClintock's  [Ref.  62]  method  to  equations  (4.18)  and 
(4.19)  .  The  UNCERT  program  code  and  uncertainty  analysis  for 
each  accepted  experimental  trial  follow. 

D.  LIMITATIONS 

It  is  important  to  note  that  and  are  determined 
solely  on  the  basis  of  the  goodness -of- fit  of  the  modified 
Wilson  plot  to  the  data  points.  For  instance,  if  the  X-Y  data 
points  lie  exactly  on  the  least -squares  line,  then  the  & 
expression  in  equations  (E.4)  and  (E.5)  will  be  equal  to  zero, 
and  the  uncertainty  interval  will  be  zero.  This  means  that  if 
the  uncertainty  of  the  data  points  is  large,  yet  the  curve  fit 
is  close,  and  will  be  small  and  consequently  the 
uncertainties  in  Ji^,  h^,  and  enhancement  will  be  smaller  than 
intuitively  indicated.  This  analysis  typically  yields 
uncertainties  in  the  overall  heat  transfer  coefficient 
approaching  20  percent  yet  the  uncertainties  in  and  are 
typically  only  a  few  percent.  In  view  of  this,  the  analysis 
provides  a  conservative  estimate  of  the  uncertainties  in  h^, 
h^,  and  enhancement. 

Another  method  of  uncertainty  analysis  is  also  possible. 
The  modified  Wilson  plot  of  the  0.48  mm  fin  height  vacuum 
experimental  trials  is  shown  as  line  A  in  Figure  E.l.  The 
calculated  value  of  for  these  runs  was  0.96  with  an 
uncertainty  of  3  percent  as  determined  by  the  previous  method. 
The  calculated  values  of  the  uncertainty  in  the  overall  heat 
transfer  coefficient  for  these  trials  was  between  8  and  22 
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percent.  The  Kline  and  McClintock  [Ref.  62]  method  was 
explicitly  applied  to  equation  (4.22)  to  give  an  uncertainty 
in  Y  as  a  function  of  the  uncertainty  in  U^.  The  limits  of 
uncertainty  in  Y  are  shown  as  lines  B  and  C.  Therefore,  given 
a  value  of  X,  any  value  of  Y  that  lies  between  lines  B  and  C 
fits  the  data  uncertainty.  If  there  are  proportional  bias 
errors  in  the  data  collection,  there  is  no  reason  to  believe 
that  the  uncertainty  for  each  data  point  is  the  same,  so  the 
data  points  could  just  as  reasonably  fit  lines  D  or  E.  Using 
the  inverse  of  the  intercepts  (C^)  of  lines  B  and  C  as  the 
extreme  values,  0.72  <  <  1.32.  This  yields  an  uncertainty 
in  Cq  of  -25  to  +37  percent.  Since  the  uncertainty  in  the 
outside  heat  transfer  coefficient  is  a  function  of  C^,  it 
would  have  a  similar  range.  This  method  yields  uncertainties 
so  large,  that  the  data  is  virtually  useless.  Obviously, 
another  approach  is  needed. 
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100  1  UNCERT  (SEORBE  INCHECK-1 S94  ) 

116  I  This  program  uses  the  Modified  plot  of  progra»m  u^PAll  and  the 

120  i  linearised  uncorrelated  coeffiw4^«nt- method  detailed  in  Beckwith,  R» 

130  I  Harangoni,  and  J.  Lienbard  MECHftNICAL.  MEASUREMENTS  to  calculate  the^ 

140  \  uncert a i nt ies  ir?  enhancement  > -heat,  flux-,-  overall  heat  transrer  coeTricient 


1 E3  !  inside  heat  transfer  coe  f-f  ic  lent  ,■  ou-tside  •haat  transfer  coefficient,  ar.d 
i  £0  !  film  delta-T,  The  input  •  arguments  ar-e  the  uncertair.t  ies  in  cooiant 
170  I  temperatures  ;  steam  temperature,  rotameter  reading.^  and  tuoe  thermal 
136  I  coTfduc t  i vi t y .  The  coolant  temperature  uncertainty  was  based  on  a  quartz 
130  !  thermometer  calibration  accuracy  of  0.04-  degO ,  precision  of  @.0i  degC ,  and 
200  j  a  measurement  that  Is  the  average  of  5  readings.  The  steam  temperature 


a  measuremani 


steam  temoeraxure 


210  !  uncertainty  is  based  on  a  calibration  accuracy  of  0,i-degG 
220  !  0.1  degC  for  vacuum  conditions  or  0.3  degG  for  atmospheric 


,  precision  of 
test  conditions 


250  !  and  a  measurement  that  is  the  average  of  two  thermocouple  measurements  ^ 

240  !  each  the  average  of  S  readings.  i he  rotameter  uncertainty  is  based  on  a 

250  I  calibration  accuracy  and  precision  of  0.25  percent  each.  The  thermal 

2B0  1  conductivity  uncertainty  was  ba$.sd  on  the  range  of  values  for  thermal 

270  1  conductivity  detailed  in  THERMQPHY3ICAL  PROPERTIES  OF  MATTER  for  the  range 

230  I  of  tube  wall  temperatures  exp^eted.  Tube  geometric  dimensions  were 
230  I  assumed  constant  with  insignificant  uncertainties. 

300  ! 

310  I  Dictionary  of  variables 

520  !  A  -  Gross-sect  ionai  area  of  tube 

330  !  Alp  -  Nusselt  leading  coefficient. 

340  1  Alpc  -  Iteratively  determined  Alp,.  Compared  to  Alp  to. test  for 
350  I  convergence. 

350  !  Alpgm  -  Nusselt  leading  coeffiqtent  for  a  smooth  tube. 

370  I  Areacorr  -  Tube  inside  x-sectionai.  area  loss  du^  to  heatex  insert  (m  ^i), 

330  !  Array  -  An  array  for  storing  Ti  ,  T2  ;  Md ,  Tsteam  j  and  ONESn  and 

350  1  their  uncertainties  during  Wilson  analysis*  '  ’  '  ;  ■  • 

400  I  Cerr  -  Absolute  error  between  Ci  and  Cic,  Use^  tp.vtest  convergence, 

410  \  Ci  ~  Leading  coefficient'  in  inside  heat  trarjh^fer  eorrelat i-on, 

420  i  Cic  -  Iteratively  determined  Cii  Com,p§r®d  to  Ci  :to  test  for  convergence^ 
430  ?  Cpcw  Specific  heat  of  cooling  water  (J^kg-K). 

440  !  Cpf  “  Specific  heat  of  condensing  film  (J/kg-K),. 

450  I  Cl  -  Constants  in  the  function  FNHfg.  ■*, 

46©  I  C2  ^  Constants  in  the  function  FNMuw, 

470  i  03  -  Constants  in  the  function  FNRhow- 

430  I  C4  -  Constants  in  the  function  FNKw. 

430  I  C5  -  Constants  in  the  function  FNCpw. 

500  I  CS  -  Constants  in  the  function  FNUrho. 

510  I  C7  -  Constants  in  the  function  FNUcp, 

520  !  CS  -  Constants  in  the  f unct ion  FNUk . 

530  i  CS  -  Constants  in  the  function  FNUmu . 

540  !  010  -  Constants  in  the  function  FNUpr, 

550  !  C11  *“  Constants  in  the  function  FNyhfg. 
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S50  ! 
570  ! 
580  ! 
530  i 
B@0  ! 
510  i 
G20  i 
B30  ! 
640  ! 
650  I 
BS0  ! 
570  I 
SS0  ! 
S30  ! 
700  .  i 
7!-0  ! 
720  ,  ! 
730,. ! 
740-  ! 
750  ! 
760  ! 
770  i 
730  ! 
7.90  ■! 
800  - ! 
S10  ! 
820-  1 
830  ! 
840  ! 
850  i 
850  I 
870,  I 

5  • 

880-  1 
890-  ! 
300  I 
910  '^  ! 
320  r 
330  ! 
340  ! 
950  { 
5S0  I 
970  ! 
330’  1 
990  ! 

1  000 ! 
10101 
10201 


Odd  -  DurntViy  variable, 

Di  Inside  diameter  of  tube  (n-)., 

Droot  Root  diar^etsr  of  finned ‘tube  or  Q.D,  of  smooth  tube  (m). 

D_fiis$  ~  Read/write  data  stonsg^'^f'-rie , 

£q  --  Enhancement  ratio  for -constant  heat  flL4;<  across  the  condensate  film 
for  a  finned  tube  vs  smpoth  tube. 

Et  “  Enhancement  ratio  for  ccnstant  temperature  drop  across  the  condensate 
film  for  a  finned  tube  vs  smooth  tube, 

Fsi  -  Axial  fin  efficiency  fcrr  tube  inlet  length, 

Fe2  -  Axial  fin  efficiency  for  tubs  outlet  iengih, 

Fm  ~  Cooling  water  flow  measured  by  rotameter  (pet), 

Hf gf  -  Latent  heat  of  condensation  for  saturgtsd  water  evaluated  at  film 
temperature  plus  the  effects  of  thermal  advect ion  (J/kg>, 

Hi  In5i-.d.e..,.he.ai..  t-ra-n^fer  coef-ficient  ( ..  .. 

Ho  Outside,  heat  transfer  coefficient  (U'/n"'2-K), 

I  -  Loop  cou.nter  and  array  subscript*  '•/ 

Ifg  -  Tube  geometry  flag,  .• 

Inc  Tube  material  flag.  . . 

ipe  Experiment  pressure  flag, 

j  Loop  counter  and  array  subscript. 

K  C  W  *“  !  hermai  conduct ivity  of  cooli,ng  (U/M-^K). 

Kf  -  Thermal  conductivity  of  film  T 

Km  -  Thermal  conductivity  of  tube  metal 
L,‘-  Tube  condensing  length  <m),  • 

Lmtd  -  Log  mea.n  temperature  ( degK  ) , 

LI  -  Tube  inlet  end  length  <m). 

L2  -  Tube  outlet  end  length  (m), 

M  -  The  "m“  component  of  fin  efficiency  (1/m), 

Md  -  Cooling  water  mass  flow  rate  (kg/s), 
mucw  -  Viscosity  of  cooling  water  (Kg/m-s). 

Muf  -  Viscosity  of  film  (kg'/m-s).  , 

New  -  Nusseit  function  for  outside  heat  transfer  on  horizontal  smooth  tube 
Nrun  -  Number  of  data  runs. 

Ntercept  -  Intercept  of  the  modi  Med  ■  Wi  l-son  plot  line. 

Omega  -Petukhov’s  Musseit  number  fer-inside  heat ‘ transfer . . 

P  -  Tube  inside  perimeter 

Ppkl  -  Constant  Kl 'in  Petukhov’s  reiatlan. 

Ppk2  -.Constant  K2  in  Petukhov’s  relation. 

Ppt  -  Numerator  in  Petukhov  ’  a-  relat , ter.  Nu*f\Re>Pr). 

Pp2  -  Dehor^inaior  in  Petukhov ’  s  relat  ion  vNuff(  Re  ,Pr  ) . 

Frew  -  Frandti  Number  of  cooling  water, 

P1  thrij’  P45  -  Partial  derivatives  of  various  equations  used  in  uncertainty 
determinat ion. 

Q'  -  Heat  transfer  rate  to-cooiant  -(W), 

Qp  ■  -  Heat  flux  to  coolant  (•  • 

Rei  -  Reynolds  Number  of  cooling  water  through  a^circular  pipe, 

Rhcf’--  Density  of  film'  (Kg/m*3)- 
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1030! 
\  040  1 
1050! 

]0e0! 

10701 
10S0! 
10301 
11001 
1  110! 
1120! 
I  t30l 
1  ‘4@i 
}  150! 
1  tS0! 
1  1  70 1 
1130! 
1190? 
1200! 
12101 
12205 


Rhocui  -  Density  of ;  cool  if, g  mater  (4.'§/>r'5)- 
Rt^  -  Wall  thermal  resistance 
SigmahatZ  -*  S5e/(  Nrian-Z  ) .  • 

Slope  -  Slope  of  the  modifi^el  Willson  plot  line-. 
Sse  -  Syy-Siope^Sxy « 

Sumx  -  Sun  of  X. 


Sumxy  ~  Sum  ofX*Y» 

S umx 2  ““  Sum  o  f  X ''  2  . 

Sumy  -  Sum  of  Y. 

Sumy 2  *-  Sum  ’of  Y'''2. 

Sxx  -  3umx2“Sumx  ''2/Nrun . 


Sxy  -  Sumxy-Sumx^Sumy /Mrun . 

Syy  -  SumyZ-Nrun^Tbar^Z, 

T'au  *  t-distr ibut ion  for 'a  tuio-sidsd  35^ 
Tavg  -*  Average- cool ind  uiatep  temperstufs 
Tcor  -  Temperature  rise  of  coolant  due  to 
flow  (degC). 


confidence  interval. 
idegC )  • 

viscous  heating  of  internal 


Temp  -• Temporary  variable.  •* 

Tfilm  -  Temperature  of  film  (degC). 

Trise  -  Delta  T  of  coolant  after  subiraatirig  viscous  heating  effect  (degC) 


12301  Tsteam  -  Temperature ‘ of  steam  in  condenser  (degC;. 

1240!  Tuio  -  Tube  outside  wall  temperature  (degC). 

1250!  Twoc  -  Iteratively  obtained  wall  temp.  Compared  to  T‘^-o  for  convergence. 
1230!  Txf  Temperature  drop  across  the  condensate  film  (degC). 

12701  TV  *"  Coolant  inlet  temperature  as  measured  by  qtz  thermometer  (degC). 
12801  T2  ~  Coolant  outlet  temperature  as  measured  by  qts  ther.mometer<  degC ) . 
1230  !  Ualp  Uncertainty  in  Alp.  • 

13001  Ualpsm  ~  Uncertainty  in'Alpsm. 

1310!  Ucl  -  Uncertainty- in  Ci, 

1320!  Ucp  -  Uncertainty  in  coolant  specific  heat, 

1330?  Ueq  '  Uncertainty  in  Eq. 

13401  Uet  ^  Uncertainty  in  Et . 

1350!  Ufel  -  Uncertainty  -in  .Fel  . 

1360!  Ufe2  ~  Uncertainty  in  Fe2. 

1370!  Ufm  -  Uncertainty  in  flowmeter  reading. 

13801  Uhfg  r-  Uncertainty  in  latent. heat  of  vaporization. 

13901  Uhi  -■  Uncertainty  •  i  n  Hi-.'  • 

1400!  Uho  -  Uncertainty  in  ‘  , 

14101  Ukm  “  Uncertainty  in  tube  cancJufttivity . 

14201  Ukw  -  Uncertainty  in  cooVaet -ihermai  conductivity. 

14301  Ulmtd  "  Uncertainty  in  LHTD.-  .  • 

1440!  Urn  -  Uncertainty  in  H.  r-  •' 

1450!  Umd  -  Uncertaint'y  in  coolant  -maB-s  flow, 

14601  Umu  “  Uncertaint'y  in- Cvooiant’ viasosi  ty^ 

14701  Untercept  -  Uncertainty  in-Ntercept. 

1480!  Uo  -  Overall- heat -tra'nsfer  eQeffiei*ent  (K/54-). 

'14901  Uomega  t  Uncertainty  in  dmega.  •  * 
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I50‘2;!  Uppkl  -  Uncertainty  in  Fpkj. 

15101  UppkZ  -  Uncertainty  in  FpH?-  '  ' 

1520!  Uppl  -  Uncertainty  in  PpU 
15301  Upp2  Uncertainty  in  Pp2 .  • 

154-0!  Upr  -  Uncertainty  in  coolant  pranpti  nut^Per-' 

1550!  Uqp  -  Uncertainty  in  Qp . 

15S0I  Uqtz  ~  Uncertainty  in  qua»^t2  t herpoor^at sr  n-eadinQS. 

15701  Ure  Uncertainty  in  Reynolds  nufnber- 
1530!  Urho  -  Uncertainty  in  coolant  density, 

1590:  Urhot  1  -  Uncertainty  in  coolant  •density ’'as  a  function  of  inlet  temp- 
1500!  Uslope  -  Uncertainty  in  Slope.  ••  ■ 

1S10!  Utavg  Uncertainty  in  . average  pecjia^nt  temperature . 

1S20!  Utcor  -  Uncertainty  in  Tcor- 

I S30 !  Utcpi  -  Uncertainty  in  at^am  t he^^mcycoupie  measurement 5 - 
1640!  Utflim  -  Uncertainty  in  Tfiim, 

1B501  Utriae  - -Uncer taint y  in  Tri§e. 

1BS0!  Utwo--'  Uncertainty  in  Tup. 

16701  litxf  -  Uncertainty 
16S0!  UuQ  -Uncertainty  in.yc. 

1660!  Uvcw  -  Uncertainty  in-cGoiant  water  velocity. 

1700!  Uxi  -  Uncertainty  in  Ki-  ^ 

1-7T01  Ucw  -  Cool  ing  ■  water  average  velocity  (m/s). 

17201  Vf  -  Cool ing- water  volumeipic  flow  (m"3/5). 

1730!  X  -  Independent  variab le,  in .  funct ion  '/=f(X).  Used  for  curve  titting  by 
1740!  least  squares  meihqcj', 

17501  Xfaar  -  Arithmetic  mean  M , 

nB0!  Xi  -  Greek  "Xi"  in  Petiikhoy  ^  ^  ^ equat  ion  Nu=!>f  ^ Re  ,Pr  >. 

1770!  y  -  Dependent  variable  in  funptiofi  Y=f(X).  Used  for  curve  fitting  by 
1780!  least  squares -method. 

1790!  Ybar  -  Arithmetic  mean  of  Y,. 

18001 
181.01  . 

1820!  ■■■•:' 

1-830 .  con  /HfQ/  Cl  CSV 
.1-340  COM  /Muw/.C.2(8) 

1350  COM  ./Rhow/  C3(S/ 

1830  COM  /Kw/  C4(5) 

1S70  COM  /Cpw/  C5(5) 

188-0  COM  ./Ur ho/  C6(5)  ' 

1890  COM  /Ucp/  C7U) 

1.900  COM  /Uk/  G8<4>  ■ 

1310  con  /Umu./  C9(7> 

1320  COM  /Upr/  010(4) 

1930  COM  /Uhfg/  01(4)  .  -  *  ' 

1340  OIM  Array (27, S) 

1950} 

1960 1  Read  function  constants. 

1370  DATA  -0.369174865-3 ,0.232136985-6 ,-0.304374025-4 
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19S0 

DATA 

9.I01483B4E-2, 

,-0.237004?3E1  ,0. 25085  t'97E4 

1  9S0 

READ 

CH»  ) 

2888 

DATA 

3. i07S8S3E-! 1 , 

-0.50954132E-9,3. 1832S14SE-S ,-0. i 1S78223E-4 

2810 

DATA 

0.873S755E-3,- 

■0 . 451 2923£-l,i,8 .  1  e275094El  ,-0 .  S374594SE2  ,0 . 1  800 1  SE4 

2920 

READ 

C2(*  ) 

2030 

DATA 

-0.8B244597E-1 

1 ,0.390677S?E-8,-0.7S31SB31E-B,0.3gl2944SE-4 

2048 

DATA 

-0.90737342E-2 

;,0.70S439S3E-1  ,0.S3S81832E3 

2050 

READ 

'C3r*)-  -.  ■ 

2060 

DATA 

-0.5 128205  IE-8 

:  ,0 . 1 373543 1  .-”0 ' 2371  2121 E-3 

■2078 

DATA 

0.302S2e34E-2 , 

0 . 1 3S'3343SE  •  ,0.561 85333E3 

20S8 

READ 

2890 

DATA 

-4.841 151 lE-8, 

1 .529!96E=5,-! .S467309E-3 1! 450S4 ,-3.431 451  ,4213.1 

2100 

READ 

CBi*) 

2110 

DATA 

-5. 17467582E-1 

1  ,!  .  9S33«jS8&E-S  ,•'3 . 05S74S24E-S  ,2 ,  S4388338E-4 

2120 

DATA 

-1  ,8t475Se4E-2 

,0.70B40868E=i 

2130 

READ 

CSl  -*■  ') 

2140 

DATA 

-24.Z057555E-3 

,S  .  1 1 5784E-5  ,-5 . 5401 S27E-3  , .  2290 1-28  ,-3 . 431 451 

2150 

READ 

C7(*) 

2180 

DATA 

-2.56410255E-8 

,0 . 74941 724E-3 7 n 3G363E-3 

2178 

DATA 

0.605652S8E-2, 

0. 188S343SE1 

2180 

READ 

CS<*7 

2198 

DATA- 

3.8S'30952£-1  1  , 

-3 , 5SB78924E-3 ,S.S 1 ^74876£-6 .-0 . 59391 1 1 5E-4 

2230 

DATA 

3.494702E-3,-i 

.35587695-^  ,0, 3S5501 SSEl  ,-0.53745948E2 

2210 

READ 

C9<  *  ) 

■ 

2220 

DATA 

-1 . 18SBi07E-7, 

S .  9555 1 E^S ,'5 , 2454478E-4 ,2.11771 5SE-2 . 46 1 SSSB 

2230 

READ 

C10( »  ) 

■1 

2240 

DATA 

-4-.8459743E^B. 

9'.  2854784E-4  ,-9.1 46228BE-2  ,2 . 0296728,-2570 . 0473 

2250 

READ  - 

C11.(») 

■  ' 

22S.0 

! 

2278 

BEEP 

f 

2280 

INPUT 

“'.SIUE  THE  NAME  OF  THE  EXISTING  DATA  FILE"  ,D_f  i ie$ 

2290  ASSIGN  @Fiie  TO  D_fiieS 
2308  PRINTER  IS  .701 • .  ■ 

2310  Nrun=14 
2320  BEEP 

2330  INPUT'  "ENTER  THE  NUMBER  QF  DATA  POINTS  ( D^faul  t  =  1 4- )"  ,Nrun 
2343  ENTER:  ©File; Ifg, Inc  ,Ipc  -  '  ■ 

.2350  ENTER  ©FileiDdd .Odd  ,Ddd 
23S8  ENTER  @Fi le-;Di  .Droot 
2370 

23S0  !  Initialise  tube  geometry  and  thermal  conductivity. 

2590  L=.  133-35  •  • 

.2400  LI  =.030-325 
2410  L2=.  8-34325. 

2420  Areacorr=9 . I  82 1 4E-S  . 

2-430  IF  lnc=0  .THEN  Kffl=390.-3 
2448  IF  Irtc=l  THEN  Km=14.3:- 
2450  IF  Imc=2- THEN  Kn=231.3 


250 


24S0  IF  THEN  Kr<t=5S.3  '  • 

2470  Ci=2.5 

2430  ftlp=2.S 

2430  ! 

2500  IF  Ipc=3  THEN 
2510  Aipsm=.8'5 

2520  Uaipsm=.@U5 

2530  Ut3tm=.2 

2540  ELSE 

2550  ,  ftlpsi>’,=  .S27  .  . 

2560  Ualpsm=.00?S 

2570  •  Utstw=.4 

2588  END  IF. 

2590  !Jqtz=.05 

2S90  Uki^=1.3 

2610  Ufi»i=.5 
2520  i 

2630  Rm=LQ6(Drooi/Di )/(2.0*PI*L»Km ) 
2S40  R=Pr*Di 

2650  A=<Droot'''2-Di'''2  )*PI/4.0 


2BB0 

PRINT.  USING 

"  j  X  , 

, "  “Uncertainty 

analysis  done  on  file: 

.tGA"  iD_f 

lg$ 

2570 

PRINT 

2580 

PRINT,  USING 

"  1X  ^ 

, ''  "Uncertainty 

in  coolant  temperatures : 

““  ,2.30,““ 

degO” 

“"sUqtz 

2590 

PRINT  USING 

"IX. 

“Uncartain.ty 

in  steam  tewperature: 

,2.3D,“" 

degC )  ” 

“ " iUtstm 

2700 

PRINT  USING 

”  1  X  ^ 

,  “  "Uncart a inty 

in  tu{5a  thermal  conductivity: 

■“',2.30 " " 

1 

3 

"  "  ’’ .!  Uk.n 

2710 

PRINT  USING 

IX 

“Uncertainty 

reading: 

""  ,2.30,"" 

pet  fi 

ow)""“5Ufm 

■■ 

2720 

PRINT  -• 

2730 

! 

2740 

!  Read  file 

and 

cof^pute  necessary  values  Sor  Wiison  itei''atiQn, 

,  Store 

2750  !  these  values  in  Array  for  iterative  processing. 

2750  FOR  J=0  TO  Nrun-i 

2770  *  -  ... 

2730  !  Calculate  the  properties  of  the  cooling  water  at  its  avg  temperature. 

2798  !  Based  on  these  properties-,  calculate  Owega  by  Petukhov  theory. 

2880  !  Calculate  the  uncertaint ies  of  the  fluid  properties  and  the  variables. 

2818  ENTER  §Fi ies Fm  ,Ti  ,T2 Jsteam  ,Qdd jQdd  ,Ddd  ,Ddd  ,Ddd 
2S20  Nd=( .B763*Fm+l .34212 >*FNRhow(  Ti )/l .5+5  ■ 

2830  Urhot  1  =FNt/rho(  T1  ,Llqtz  ) 

2840  P1.=U.rhot  1  *(  Fn+1 . 3845  ) 

2S58  P2“Uf m»FNRhow( T1  ) 

28S0  ■  Um.d«6.763E-S*(Pi ''2+P2'-2  .5 

2870  !  ' 

2380  Tavg=<T!+T2  ;/2.0 
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2890  Utavg=Uqt z*(  2 . 0 >^.9/2 . 0  > 

2300'  ..f 

2910  Cpcuj=FNCpw(  Tavg  ) 

2920  .  Ucp=FNUcp( Tavg ,Utavg ) 

2330,  i 

2940  RhoGw=FNRhow< Tavg > 

2350  ;■  ,Urhb=FNUrho- Tavg  jUtavg  )  • 

29S0  !  ; 

2370  Kcw=FNKiAi(  Te'vg )  . 

29S0  Ukui^FNUkv  Tavg  ,Utavg  ) 

2380  ! 

3000  •  ■  Hucu)=FNf1ua)<Tavg) 

3010'  Urfia=FNUmu(  T3vg,,Uiavg  ; . 

5020  .V  ■  !  -  • 

30.30  ■  PrC'Ui=FNPrii;»:  Tavg  ) . 

3040  Upr=FNUpr( Tavg ,UtavQ ) 

3050’  .  !  ■  • 

3050  Uf*Md/Rhocu)  •  . 

3070  .  .  Ucu=4.0*Vf /<  PI*Di ''2-i^reecorr  ) 

50S0  P3=Ur»d/Md  .  ... 

3090  P4=Urho/Rhocw  "  ■ 

3100  Uvcui=ycw*(P3"2+P4''2)*.5  . 

3110  ■■  !  .-■■■■ 

3120  Rei=Rhocw*ycu*Di/Mucw  >  . 

3150  .  P5=Uvcu)/Ucw  ■  , 

3140  PS=Umu/MuGtsi  '  ■  .  * 

3150  .■  Ure=Rei*(P4''2+P5''2+PS''2  l-'.S 

3150  !  .  - 

3170  Xi=(.!  .82*LST<Rei)-1  .84:'''(-2) 

31.80  Uxi  =  1 -58»Xi "'-I  . 5*t)re/Rei 

3T30  .  i  ■  . 

3200  ■  Ppfel-i »0+3.4*Xi 

3210  -.UppRl^rS'.  4’fUxi 

32-20  T  • 

3230  Ppk2=l  1  .7+1  .S*Prcw"!:-l  .0./3.0) 

3240  .Uppk2=.S»Prcw‘<-4,/3. )*Upr 

5250  ■-!.,■ 

32S0  Pp1=(  Xi./'8-..0'<-*Ra.i*Prcw 

3270  P7=Uxl/Xi 

3230  P8=Upr/Prcw  .  ; 

3280  P9='Jre/R8i 

3300  Uppl=Ppl#<P7"'2+P8''2+P9-'2 

3310  .  i 

3320  Pp2=Ppk  !,+Ppk2*(  Xi /8 . 0  )  ■' ,,5»-(  Frew'' •  SSS7-1  .0  / 

3330  P!  0=Uppk  1 /.( Pp2-Ppk  1  ) 

3340  Pn=Uppk2/P.pk2 

3350  P 1  2=<  2 .  ♦Prew'’  (  3333  )*Upr  Prew"'  <  .  SBS7  )-1  .  > 

3350  Upp2=(  Pp2-Fpkl  )*(Pi0'''2+P'i  1  ''2fPl  2 ''Z+l  P7/2 .  I'-'Z)"  .5. 
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3370  i  ,  .  •  . 

3330  Or«ega=Pp  { /Pp2 

3390  ,  P13=Uppl/Ppl. 

340©  .  Pt4=Upp27Pp2 

34.1  0  UoneQa=0rf5ega*(  P  I  i  4**3  > '  f  5 

3420  f 

3430  !  •  ^ 

3440,  I  Calculate  the  iog-nsan-t  enp»«di  f  fter^^ncs  after  correcti'ng  for  the 
3450  I  frictional  effects  of  heating.  Then  calculate  the  heat  flux  and 
3460  I  overall  heat,  transfer  coefficient  awd  their  uncertainties. 

3470  -Tcor^FNTf rlc ( ^cw > 

3480  Utcor=(  2  .  *2 . 4SSSS74E'~3*Ccw'^6  .  S46?689E^4  )-*^Uvcw 
3490  \  ■  i  . 

•3500  Tri5e=T2"T  I -Tcor  . 

..3510  *  Utrise=(2.0*Uqt'z"2+UtGorF2  )".5 

‘3520  • 

3530,  .  Lmtd=Tr i  5e/L0G(  (  Tstean^^TI  )./s  ToteaB-^TS+Tpor  )  x 

3540  P  1'5=liiri se/Lwt  d 

3550  .  R1.6-<.T1-T2+Tcor)^^Ut5tr./(  (  Tstaam-TI  )■*(  Tstaafn-TZ^Tcor  ) ) 

3560  Pt7“Uqt2/(  Tstear.-Tt  )  .  .. 

3’570  •  PlS=Uqt2/(T5tean-T2-McQr)  •  •  ‘ 

3580  PI  9-Ut,cor/ ( Tsteam-T24Tcep  ) 

3590  .Ulmtd=Lntd-'‘‘2/Tri5e*(  P  1 6  '”■2+?  I  7'' 2+P I  S*‘2  •I'p  ^  .5 

'3600  h  .  - 

.3510  Q=Md*Cpcw*Tri5e 

5620  Qp=Q/( PI *Droot*L > 

3G5.0  F20=Utrlse/Tri-5e 

3640  . P2l=Ucp/Cpcw 

3S5.0  Uqp=Gp*(P20"2+P3''2rP2r'2)‘\5  ^ 

3560  } 

5B70  Uo~Qp/Lntd;- 

3680  ■.  P22-Uqp/-Qp-^  • 

3S30  ..‘P23-Ulmtd/Lfv^id 

3700  Uuo-Uo*(P22"2+P23"2 >".5 

3710  i. 

3720  I  ■  ■  . 

3730  1  S.tor^  the,  necessary  valu«^&  for  Wilson  itera^on- 

3740  Array(  J"  0  .5.=.Tstea{^'. 

375.0  ^^rray(  J -,1  ;=Kcui 

3760  Array<  J  ^2-)“Qp 

3770  Array( J,3>=Uo  .  ■  • 

3780  Array(  J.  ,4  )~0Mega 

5790  ArrayC^  J  ,5  )=yorieQa 

3800  A,rray(  J  ,S  )-Ukw 

5810  Array!  J  ,7)=*U.uo 

3820  Array  ( J  ,8  )='Uqp  .  i  ’■  * " 

3S3©  NEXT  J  , 

3840  ASSIGN- @Fi.ie  TO 
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3SGS  !  I.tsrate.  far  Gi  and  Alp  until  they  converge  uitrun  Qy 

3870  BEEP  *•  •  ■  * 

3880  Sunx=0. 

3330  Surfy=0, 

3900  Suf«.x2=0. 

33 {0  Sumy2=0. 

3320  Sar:xy==0. 

3930  FOR  J==0  TO  Nrun-1 
3940  T5teari=Array<  J  ,0  ) 

5950  ■  Kcw=Array( J,1  ) 

39B0  Qpf=Array(  J  ,2  ) 

3S7©  ■  Uo=Array( J ,3 ) 

3980  Onega=Array< J ,4  )  • 

3330  ! 

4000  i., Solve  for  by  itarat  ic»r{‘ arid  than  find  Hi. 

4010  Ttjo=T5team-5.0  ■  ■  .  .  • 

4020  Tfiin=(Tstea(^+2.0*Tojo  )/3.3-  •  -  • 

4030  Rhof=FNRhow( If i in )  ^  • 

4040  Kf^FNKwdf  iin  > 

4050  hruf  =*FNMaw(  If  i  in  )  • 

40B0  Hfgf=FNHfQ(Tf  i.I(n)  +  -B8*FNCpw(TPilw)*<  Teteaf'i-'wo  ) 

4.070  New=(Kf-'3*9..8)  »Hfgf»P,hof''Z/(Muf»D.'^Qot»vT5team-Two))  )''.25 

4080  Ho=Alp*Neuj  ■ 

4090  Twoc=T5team-Qp/Ho 

4100  IF  .ftBS(  (Tu)oc-Two)/Tu)PG  >>.001  THEN 

4110  Tuio=Twoc  .  •  >  i 

4120  GOTO  4020 

41 38  END  IF  . 

4-140  Hi*Kci*i/Di*:,Ci*Onesa 

4150  -  >''.5 

4160  Fe1=FNTanh(M*Lr)/ (litLl  > 

4170.  Fe2=FNTanh(K*L2  )/1N*L2  ) 

4'1.80  !  ■  . 

4190  !  Compute  the  Wi  Ison  .points  for  linear  regression. 

4200  X=Droot»N,ew»L/( 0mftBe#Kcw*l’L+b.1  »Fe1 +L2tF-e2  )•) 

421.0  Y=New*(  1 .0./Uo-Rm*PI-iBroot*l- )  ■ 

4220  .  Sumx*Su.mx+X 
4230  Suiny=5umy+Y'  .  • ' 

4240  Sumx2=Sumx2+X*X 

4250  Sumy2=Sumy2t-Y»Y  •  '  ■ 

42S0  Sumxy=Sumxy+X#Y 

427.0  NEXT  • 


and  Aip.0. 


4^8©^ 

4230  1  Compute  the  slope  and  intercept  of  the  Modified  Wilson  plot.  Take  the 
4300  !  reciprocals  to  compute  AipC' an-d  Cic.  Copipare- -^ith  the  j.3st  values  uf 
4310  !  Alp  and  Ci.  If, out  of  tolerance,  average  their  values  and  repeat  entire 

4320  !  analysis  with  the  revised ■ values - 
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4330  Sxx=Su«x2-Su[nx''2/Nrun  ■  '  •  '  - 

434®  3xy=SuRxy-Sumx*Suiny/Nr'jn  ■ 

4350  Xbar=Sunx/Nrun 

4360  Ybar=S!j.my/Mrun 

4370  Siope=Sxy/Sxx 

4380  M-tercept=-Ybar— Siope^Xbar 

43S0  Cic=1 . S/Slope  .  ■  ’ 

4400  ftlpc=1 . 0/Mt3rcept 
44i0  Gerr*ABS.(  (  Cic-Ci  )/Cic  ) 

4420  fterr=ASS< < Aipc-Alp >/Alpc ) 

4430  Ci  =  (Ci+Cic  )/2.0 
4440  ftlp=( Alp+ftlpc  )/2 . 0 

4450  IF  Cerr>  .,0005' OR  Aerr>.0005  THEN  6QT0  387® 

4460  1 

4470  !  Once  final  values  of  Ci  and  Alp  are  fewp.d_,  compute  the  regression 

44,30  i  coefficient  of  the  Modified- liispn  plot iHe  enhancements  for 
44S0  !  constant  heat  flux  and  constant  temperature  drop  across  the  film. 

4500  Determine  the  ^uncertainty  bands  about  Alp,  Ci  .  and  the  enhancements 
4510  !  based  on  a  95%  .confidence  interyai  and  Nrun-2  degrees  of  freedom. 

4523  1  Print  ■  results ‘ 

4530  Syy=5umy2-Nrun*;Ybar''2 
4540  Sse=Syy-Slope«Sxy.  ■ 

4550  5i9mahat2=Ssa/(Nruri-2.© ) 

4560  Tau=2.i79  !  For  a  95%  confidence  interval  with  12  deg  freedom. 

4570  IF  Nr.un=28  THEN  Tau=2.05B 

4580  Us  iops=Tau*(  Sigma-hat 2 /.Sxx  V' .  5 . 

4SS0  Uci=U5lope/(Slope*Siope ) 

4600  UnterGp,t=Tau*<  5igmahat2»-<  1  .0/Nrun-i-Kbar'‘Z/5xx  )  )'■  .5 

46-T0  Uaip=Untercpt/(Ntercept*Ntercept  >  . 

482©  PRINT  USINS"  IX /“Uncertainty  in  Gi: "  “  .25X.,DD.2D  /  ”  (pet)  ?Uci*  1 00 .  /  Ci  ^ 
.4630  PRINT  USING  "  IX  /  "Uncertainty  in  Alp:  "" -,24X  ,D0.2D  (pet)  ;Ualp^?l30./r 

Ip,  ■ 

4540  IF  Ifg=1  THEN 
4650  Et=Aip/Alpsm 

4660  :  .  Uet=Et*(  (Uaip/Aip  >''2+(Ualpsw/tAip3r,)''2  )^.5 

'4670  '  ■•••  Eq=Et''(4. 3/3.0) 

4530  '  Ueq=1  .333*Uet*Et/ 1  ./3.  )  _  .  nn  -’n 

4SS3  PRINT  USING  “  IX  .“"Uncertainty  in  EPhancement  (const  flux,':'  ,oX,Du.^iD, 

(pet  ;Ueq»r00./Eq  ,  .  . 

4708  PRINT  USINS  "  1 X  “Uncertainty  in  Enhancement  (const  DeiT  ) :  “ "  ,oX  . 

(pet ) ” “ " j  Uet  *  1 80 . /tt  ■  ' . 

4710  END  IF  . . 


4720 

473® 

PRINT 

PRINT 

USING  “I 

3X  "Uncertainty' 

Uncertainty 

vjneert  ainty 

Uncertainty  Unce 

rtain 

4740 

ty-" 

PRINT 

USING  '■ 

1 0X  . “ “Overall 

Out  side 

Inside 

Heat  F 

i  Im"  ” 
4750 

FR,INT 

USING  “ 

1 1X  .““H.T.C. 

H .  T  .,C .  ^ 

H.T.C. 

Flux  Del 
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47B0 
t  )  “  “  ’■ 


PRINT, USINS 


( pet  ) 


<pct> 


!  Calctiiats  and  print  the  pancerit  uFtCS" 


taint ies  in  -Uc ,  Hi  ,  Ho.,  Qp  ,  and 


4S03 

4910 

4920 

4930 

4.940 

-4950 

4960 

4370 

4980 

4930 

5009 

5010 
5028 
5030 
5840 
5850 
5060 
5870 
5080 
5090 
5100 
51.  !.0 
w(  Tt'i 
51.20 
5130 
5140 
5150 


Ho3vg-@. 

Uhoavg=8.  .  ,  ■  :  • 

FOR  J=0  TO  Nrun-i 
Tsts-2m=Array<  J  ,0 ) 

Kcu=.4rre.y(  J  ,  1  ) 

Qp=ftrr3y(J ,2) 

,iJo=Array(  J  ,3 ) 

Onega=Array< J ,4  ) 

.  UoRega-Arrayl J ,5 ) 

'•  Ukw=Arrey(  J  ,B  ) 

'Juo=nrray(-J  ,.7  ) 

UQp=Array\ J ,8 ) 

.  Hi=Kcw/Oi<^.Ci ‘Omega 
F24=Uomega /Omega  ; 

P25=Uci/Ci 

F2S=Ukuf/Kcw  ■  ■;  •  ■...  ■■ 

Uhi=Hi><P24''2+P25"2+P26''?  )\5 

Utwo=Utsim 
Tx f=Tsteam-Two 
Utxf=<Utstm''2+Utwo''2 )"  .5 
If ilm=(Tsteam+2.0‘Two  )/3.0 
Utf  ilm=<Ut5tm''2+4.0‘Utwo''3  )/3.0 
Rhof=FNRhoui(Tf  iin ) 

.Kf=FNKw<Tfilm> 

l1uf=FNtiuw(Tfilm> 

H .rg f =FNH  f  g  ( T f  i  1  m  >+ .  wC Tf f  1 1  w  > * Tx  f 

New=<Kf'’3*9,.81 ‘Hfgf*Rhipf''2-/lRuf*proot‘Txf  > )'' ,2B 

P33-3v0*FNUk(Tfiim,UtfUfri)/Hf  •  '  . 

P40=<  (FNUhfgdfilm  ,Uif  ilf<)  >  .•.66‘T.x#*FNUcp(Tf  ilm  ,Ut  f  iim  )  )''2+(  .B8‘FNCp 

.m>»Utxf  )"2)''.;5  ..  .  ■,  •  .  ;  ..... 

P40-P40/Hf gf ,  •  ,  ,  ■  ■  ^ 

P4.1  =2 . 0‘FNUrho  (  T  P  i  i m  ,Ut  f  i  i m  )  /Rho f 
P42=FNUmu(T-film,Utf  ilm)/:Mu:f'  •  • 

P43=Utxf /Tx  f 

Unaixi=.25‘rsiew‘l  P39''2+P40''2-i-P41  ■'2*P42'24-P43''2  )'■'  .S 
Ho=Ai:P‘New 

Uho=  ( (■  A'l p  * Unew  )  2 4  ( New  ‘Ua-l  p  )  2  ) .  B 
Twoc=T5ieam-Qp/Ho  .i- 

U i  wcc= ( Ut  s  t  m  ■■■  2 + (  Uq p /  Ho  ) ''  Qp  ‘ Uho/  (  Ho ‘ Ho  ) ) "  2  ) "  .  5 
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521.3 

..  I F  f\B3  ( (  Ti?jo c **  1  JAio  )  r  1 

5223 

Two=Two€-; 

5230 

,Utwo=Utuioc 

5240 

60TQ  50  !-0  ....... 

5250 

END  IF 

5250 

I  . 

5270 

PRINT .USING  "IX.DD.S 

*100/Qp  ,Utxf*100/Tx.f 

5280 

NEXT  J  •  . 

5293 

END  ■  . 

5300 

1  .  ■  •  ■ 

5310 

{ 

5320 

!  ■  •  .  ■ 

5330 

j 

534© 

DEF  FNHfg(T) 

5350 

!  This  function  takes 

5380 

i  best  of  vaporization 

537 0 

i  •  •  • 

533® 

COM- /Hfg/  Cl  (5)  '  ’ 

5350 

■Hfg=Ci  (0) 

5400 

FOR  :I  =  !  TO  5 

5410 

Hf5=Hf9*T-!-C-1  (.1  > 

5420. 

NEXT-  I- 

5430 

i  .E+3 

5440 

RETURN  Hf 9 

5450 

FNEND  .  ■  • 

5480 

i  ‘  ■  - 

5470 

!  -  ■  - 

5480 

!  ■  ' 

54-30 

DEF  FNMuwTT) 

5500 

i  This  funct. ion  takes 

5510 

!  Viscosity  [kg/m-sl. 

5520 

1 

5530 

COM  /Mliw/  02 CS)-  -  - 

5540 

Mu=C2(0) 

5550 

FOR. 1=1  TO  9 

5580 

Mu=Mu*T+C2{  I  ) 

5570 

NEXT  I  -  . 

5580 

Mo=Mu» 1 .£-5 

5590 

RETURN  Mu 

5630 

FNEND 

5810 

1 

i  • 

5620 

1 

SS30 

j 

5640. 

DEF  FNCpw(T) 

5550 

'  This  function  takes 

586© 

!  specific  heat  CJ/kg- 

SS70. . 

,! 

THEN 


.Uua^  !  0£'/Uo  ,Uho»1®e/Ho  ,Uhi»t  30/Hi  ,Uqp 
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5B80  COM. /'Cpu/  C5(5) 

5690  Cp=CS<0) 

5703  FOR  I=!  TO '5 
571  0  Cp®Cp  »T +CS ( I  ) 

5720  'NEXT  I  ■ 

5730  RETURM  Cp  ■' 

574.0  FNEND 
5750  ! 

57S3'  ■  !.  • 

5773  ! ..  .  ■  ■  '  . 

5783  DEF  FNRhoi.j(T) 

5730.  !.  This  function  takes  "water  tenp  [degCl  and  returns  density 

5800  ! . •  .  .  '  ,  ■ 

55.1:0  COM  /R-how/  CSCB.)  '  -  ' 

5S23  Ro=C3(0>..  , 

5-330  FOR  1  =  1  .TO-  5  '•  i  ■  •  • 

5640  Ro=Ro*T+C3(  I  >  ■  ■ 

SSS.0  NEXT  I  ■; 

5S60  RETURN  Ro  '  ■  "  ■  " 

5870  FNEND 

SS80  ■  ■ 

5890  ! 

5900  !  ...,• 

5910  DEF  FNPrw(T),  '  _  '  _  ,  , 

5923  !  This  function  takes  water  t-enp  CdegCI  ano  returns  Prahdti 

5930  !  -  •  _  ■  ‘  ■ 

5940  Fru)=FNCp u) (  T ) *FNf1uu\ T  ,1  / FNK • 

5950  RETURN  Pru,  ” 

53B0  FNEND 
5970  !  ,  , 

598.0  !  .•  ■  . 

5990 

B000  DEF  FNKw<T)  •  , 

S'210  !.  This  function  takes  water  tsptp  [s}«@C5  and  returns  thermal 

B020  (coefficient  [W/m-KI.  .... 

S030  !  •  . 

6040  COM  /KW  04(5) 

6050  •Kw=U(0) 

6060  FOR  1=1  TO  .5 

5070  Ku=Kw*T+C4( I  )  '  • 

6080  NEXT  I 
6090  Kw=i<w».1  ..E-3 

6100-  RETURN.  Ku  . 

6110  FNEND 
S1.20  i 
SI 30  '•! 

6 1 40  ■  !  .  • 

6150  DEF.'FNTanh(X.) 


Number . 


conductivity 
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S 1 60 
6170 
6188 
SI  90 
6200 
S2T0' 
6220 
6230 
6248 
6250 
6263 
6270 
6280 
S290 
6300 
6313 
6323 
6333 
6540 
6350 
6360 
6370 
6380 
6390 
6400 
S410 
6428 
6430 
6440 
6450 
B460 
6470 
6480 
6490 
6500 
S510 
6520 
6530 
6540 
8550 
6560 
6570 
S5S0 
6593 
6600 
6SV0 
6620 
BB33 


i  This  function  conputss  tha  nyperboiic  tangent  of  a  number. 

i  i 

P=EKP(X) 

Q=EXP(-X) 

Tanh=(  P~Q  )/  (  P^^.Q  ) 

RETURN  Tanh 
FNENO 


OEF  FNTfric(Ucuj) 

1  This  fanction  takes  coolant  velocity  [fn/s]  arid  returns  the  increase  in 
I  water  ter^p  CdegC]  due  solely  to  friGtional  heaviriQ  or  the  iriternal 
!  f,low.  This  increase  was  determined  by  euirva-  f  i ti  Ing  the  temp  rise 
[•'Obtained  by  circulating  ooolant  at  veipeltiss  ranging  from  1.1  xo 
1  m/s.through  tubes  of  i!q-..-52.14  to  ]  3 . 37 '•  ‘  wtt  h  HEr^TEX  insert. 

Tcor=2;4.SSS874£“3^Ucui"2-'6.6467S3SE“4^Ucut-S,0i®S71E-4 

RETURN  Tcor’ 

FNENO. 

V  .  .  ,  .  ,  ,  .U  ■  ' 

I 

DEE  FNUmua^yt  ) 

!•  .This  ;fanct ion  caiculate^  the  uncertainty  in  viscosity  as  a  runoticn  of 
[  the  uncertainty  in  temperature  and  a^precipion  error  of  0.1. 

I  '  ■■  ^  ' 

COM  /Umu/  C9(7 )  '  ’• 

Umu=C3(0)  . 

FOR  1=1  TO  7 
•  Umu-Uma*T+C9<.I  ) 

NEXT  I- 

Umur ('Umu'^Utt ;  i  -). /I  *E+6 
RETURN  Umu 
FNEND  ^ 

!'•  . 
j 

DEF  FNUrho<  T-,Ut  )  •  ^  ^  : 

1.  This,  -function  calcul^ates  tha  uncert^intV’  in  density  as  a  tunction  of  t 
I  uncertainty  in  temperature  and  a  ©.Si'kgXm-o  precisicn  error. 

COM  /Urho/  CS(5)  ... 

Urho=C6( 0 )  .  • .  .  . 

FOR  1=1 .TO  5 

Urho^Urho^T-^CS  w  T  •  •  * 

NEXT  I 

Urho^Urho^Ut-l-.©!  ■ 


ne 
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6540  RETURN  Urho 
SB50  FNEND  ■  ■ 

ES68  i  : 

S670  !  ■  ......  ... 

66S0  :!  ■ 

5S.S0  .DEF  FNUcp(T,Ut) 

6708  !  .Thi^s  function  caicLiiatsa  the  uncer tain t.y  in 

67i0  '■!  .of  the  unc.ertainty  in  ■  tenperaturs- a  !.8 

6720  !■  . 

S730  COM  /Uop/  G7(4) 

S748  Ucp=C7(3) 

B750  FOR  I=i  70  4 
6768  Ucp=Ucp*T+C7( I  ) 

S770  NEXT  I 
6780  Ucp=Ucp*Ut+! .0 
6780  RETURN  Uop 
6800  FNEND 
5310  ! 

6820  ! 


5pec.Lf  .I'O  nea c  as  a  Tunc*i*on 
J/kg-K  precision  error. 


6830  !  ^.• 

5840  BEF  FNUk.(.T,Lit) 

.3'350  i  This  function  calculates  the  uncertainty 
5850  !  as  a  function  of  tenpcp-ature  and  a  0.1'£<-3 
6370.  ' 

5880  COM  /Ui?./  C8t4) 

6890  Uk=C8<0) 

6900  FOR  1=1  TO  .  4 
8310  Uk=Uk*T-i-CS(  I) 

6320  .NEXT  .  I 

6330  Uk=,( Uk^Utr,  I  )/\  .E+3 


in  water  thermal  conductivity 
precision  error. 


6340  RETURN  Uk 
5950  '  FNENO 

bSeO-  ,!  •  ...  ... 

6370  i  .  , 

5980.  1 . 

S9S0  DEF  FNUpr(T,Ut) 

.?.088..  !  This  funct  ion,  calculates  the  uncertainty  in  Prandtl  number  as  a  function 

7010  !'  of  temperature  and  a  precision  error. 

7028  i  .  ..  ~  >  >  .  '  .  ' 

7030.  COM  ,  ./iJpr/  .  010(4)  ,  "  ■  •  ' 

7040  Upr=Ci0(0)  .  ’  ■ 

7050  FOR  1  =  1  TO  4 
7868  Upr=Upr*T+Ci0( I ) 

7070  NEXT  I 

7088  Upr=Upr*U't+.0! 

7090  RETURN  Upr 
7108  FNEND 


7110  ! 
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7i20 

1  :  • 

7130 

1 

7!40 

BEF 

FNUhfg(T,Ut) 

7 !  50 

!  Th 

is  fs^nction  caicuiates  the  uncertainty  in  latent  heat 

7  5  60 

1  as 

a  function  of  the  uncertainty  in  tenpsraiurs  and  a  1 

7 1 70 

!  error , 

7 !  S0 

! 

7130 

CON 

/Uhfg/  C1U4) 

7200 

Uhfg 

=C1 1 (0 ) 

7210 

FOR 

1=1  TO  4 

7220 

Uhfg^UhfQ-^  i  tCI  H  I  ) 

7230 

NEXT 

.1. 

7240 

Uhfg 

=UhfQ*Ut-fl000. 

7250  RETURN  Uhfg 
7260  FNENO 


of  vaporization 
kJ/ks  precision 
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Uncertainty 

ana 

;  1  y  5  i  5 

Uncer t a inty 

in 

cooia 

Unc art  3 inty 

in 

atean 

Uncertainty 

in 

tube 

Uncertsinty 

in 

f  low(^ 

Uncertainty 

in 

Ci : 

Uncertainty 

in 

Alp  : 

temperatures ) 


SSMTUS 


0.053 

( degC  ) 

0.200 

( degC  5 

!  ,000 

(W/m-K  > 

0.500 

(pet  fl 

4,®2 

( pet  >  .. 

2.0?  • 

( pet  > 

Uncertainty 

Uncertainty 

Unc^'t flinty  ■ 

IJocertainty 

Uncertainty 

Overall 

Outside 

Inside 

.  ■  Heat 

Film 

H.T.C. 

H^T.C. 

-H.T.G, 

Flux 

Delta! 

( pet  / 

(pet  > 

(pe-t  ) 

(pet  } 

(pet ) 

i 

23.1  t 

2.11- 

4.07 

13.34 

1  .48 

2 

20.26 

5.17 

4.09 

1  1  .71 

11.99 

3 

18.21 

4.S9 

4.11 

10.53 

1  1  ,61 

4 

15.55 

3.85 

4.14 

9:00 

9.91 

5 

13.22 

3.25 

4,2! 

7169 

8.52 

5 

10.65 

2,85 

4.34 

6,27 

7.12 

7 

8.31 

2.61 

4.67 

5.13 

B .  1 4 

8 

3.29 

2.14 

4.67 

5.12 

2.13 

S 

1 0 .  SS 

2.34 

4.34 

6.27 

7.13 

10 

13.09 

3:24 

4.21 

7.61 

3.44 

1  \ 

15.52 ' 

3.34 

4.  >4 

8,98 

9 . 85 

12 

17.94 

4,63 

4.n 

10,37 

1  1  .45 

f  3 

20.83 

5. 13 

4 , 09 

12,06 

12.34 

14 

23.01 

7. 26 

4^07 

13:29 

15.07 
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Uncertainty  analysis 

done  on  file: 

SSMTU4 

Unc 

ertainty  in  coolant  temperatures : 

0 . 358  ( dsgC  ) 

Uncertainty  in  steam 

temperature : 

0,200  (dsgC) 

Line 

srtainty  in  tube 

thermal  conduct  i 

v  1.  T-  y  : 

1.000  (W/m-K) 

Unc 

srtainty  in  flowmeter  reading: 

0.500  (pet  fl 

OUi  ) 

Uncertainty  in  Ci: 

4.3S  (pet)  .. 

Uncertainty  in  nip: 

2.45  ( pci  ) 

Uncertainty 

Uncertainty  Unc 

eriainty 

'  Uncertainty 

Uncertainty 

Overall 

Outside 

Ims  ids 

Heat 

Filrn 

K.T.C. 

H.T.C. 

H.T.C. 

Flux 

DeliaT 

(.pet ) 

( pci  ) 

(pot  ) 

( pet  ) 

(pot ) 

1 

23.12 

7.49 

S,08 

1 5 . 35 

14,93 

c 

21  .24 

5.14 

5.01 

12.27 

13.77 

3 

i8.3E 

2. 48 

5.83 

(©.51 

1.55  ■ 

4 

15.90 

4. IB 

5.05 

3.20 

10,23 

5 

13.31 

3.57 

5.11 

7.74 

8.S8 

B 

10.79 

3.17 

5,22 

5.34 

7.53 

!* 

8.34 

2.95 

§.49 

5.15 

6.29 

8 

8.35 

2.92 

5.49 

5.  15  • 

5.10 

S 

10.79 

3.17 

5.22 

6.34 

7.33 

10 

13.08 

3. SB 

5.11 

7,50 

8.56 

1 1 

IS. 87 

4,15 

5 1 05 

9.07 

10.0s 

12 

18.24 

5.02 

5 . 83 

10.54 

11.74 

13 

20 . 90 

5.0! 

S.’gl 

12.08 

1  U  .  U  w' 

14 

23.36 

7.74 

5,00 

13,49 

15.45, 
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Uncertainty  analysis  done  on  file: 


1SU1 


Uncertainty  in  coolant  tenperatures : 
Uncertainty  in  steam  temperatures 
Uncertainty  in  tube  thermal  conductivity: 
Uncertainty  in  flowmeter  readinQ: 

Uncertainty  in  Ci: 

Uncertainty  in  ‘Aip: 

Uncertainty  in  Enhancement  (const 
Uncertainty  in  Enhancement  (const  Del^  )? 


0,050 

( degC 

0 . 200 

( degC 

!  .000 

( W/m-' 

0,500 

(pet 

3 . 52 

(pet ) 

2. S3 

( pet ) 

4-.  26 

(pet  ) 

3,20 

(pet  ) 

Uncertainty  Uncertainty  Unp^rtadnty  Uncertainty  Uncertainv 


Overall 

Outside 

H.T.C. 

H.T.C. 

(pet) 

Cpct  ) 

\ 

19.98 

4.83 

£m 

17.57 

4.37 

3 

15.55 

3.36 

4 

13.49 

3. 64 

5 

11.  S2 

3.40 

e 

9.5S 

3.23 

7 

7.54 

3.12 

8 

7.54 

2.77 

3 

9.4S  . 

3.22 

10 

1 1  , 39 

3.38 

1 1 

13.48 

3.63 

12 

15. 3S 

3.35 

13 

17.7B 

4.22 

14 

19.B2 

4.91 

Inside 

Heat 

Fiiri 

H.T.C, 

Flux 

DeltaT 

<  set ') 

(pet) 

(pet ) 

•  3 . 5S 

-  11.54 

12.58 

i:^ .  60 

10.15 

11.15 

3. 62 

8. 39 

10.01 

3.63 

7 . 32 

8.34 

3.73 

5.7? 

7.88 

3.88 

5.65 

6 . 92 

4.24 

4.72 

E.23 

4.24 

4,72 

2.74 

3.83 

B.B0 

6.87 

3.73 

6 . 64 

7.74 

3 .  BE 

7.81 

8,84 

3.B2 

8.88 

9,89 

3.60 

10.26 

10,73 

3.59 

!  1  . 33 

12.46 
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Uncertainty  analysis  done  on  file: 


Uncer 

tainty  in  coolant  temperatures • 

0.050 

<  degC ) 

'Oncer 

tainty  in  stean 

I  temperature: 

0.200 

i  degC  ) 

Uncsr 

tainty  in  tube 

thermal  conductivity: 

i .  @00 

(W/iV!-K  5 

Uncer 

tainty  in  flowmeter  reading: 

0.500 

(pet  flow) 

Uncer 

tainty  in  Ci: 

3,39 

< pci  > 

Uncer 

tainty  in  Alp: 

2,ev 

( pet  ) 

Uncertainty  in  Enhancement  (const 

flux  > ; 

4.17 

(pet  ) 

Uncertainty  in  Enhancement  (const- 

pet?)  J-’- 

3.13 

<  pet ) 

Uncertainty 

Uncertainty  Uncertainty  Unc 

ertainty  Unc 

ertainty 

Overall 

Outside 

Inside 

Heat 

Filr. 

H.T.C. 

H.T.G. 

H .  T .  Uf . 

Flux 

Delta! 

<  pet ) 

<  pet ) 

•  £pct'> 

(pet ) 

( pet  > 

1 

19.78 

2.6S 

3.45- 

• 

11.42 

1  ,80 

2 

17.84 

4.32 

3. 43 

10,31 

1 1  .23 

3 

15.71 

.5.51 

3-49 

3.09 

10.08 

4 

13.52 

3.57 

3 . 53 

7.  S3 

8.81  . 

5 

1  1  .39 

3.34 

3.31 

5,81 

7.89 

S 

9. 52 

3.15 

3.76 

5:33 

6 . 87 

7 

7.55 

3.05  ■ 

4.13 

4.72 

8.26 

8 

7.57 

2.70 

4.13 

4.73 

2.7S 

3 

S.S5 

3.  IS 

4.75 

S.S5 

6.89 

10 

11.50 

3.32 

3.51 

6.70 

7.73 

1 1 

13.49 

■  3.S7 

w 

CO 

8.32 

12 

15.44 

3.89 

0 1 49 

8.33 

5.32 

13 

17.68 

4.30 

0.46 

10.22 

1  1  . 1,8 

14 

13.39 

4.81 

f  4^ 

11.38 

12.33 
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Unc 

ertainty  analysis 

done  on  file: 

328Ut 

Uncertainty  in  cooian 

t  temperature 

;  5  " 

0.050  ( dsgC  ) 

Unc 

ertainty  in  steam 

temperature : 

0.200  (dagC) 

Uncertainty  in  tube  thermal  conduc 

1 1 V  i  t  y  ; 

1,000  <y/m-i<) 

Uncertainty  in  fiowme 

ter  rsading; 

0.S00  (pet  flow 

' 

Uncertainty  in  Ci: 

2.48  ( pet ) 

Unc 

ertainty  in  Alp: 

S,:!@  (pet) 

Unc 

ertainty  in  Enhanc 

enent  (const 

f  lux  >:■ 

3. -Si  (pci? 

Unc 

ertainty  in  Enhancement  (poh^i 

Dell): 

2v72  (pet) 

Uncertainty  lincert  aint  y  Unaertaint  y 

'  Unc  ert  aint'/ 

Uncertain 

Overall 

Outside 

Inside 

Heat 

FilP! 

H.T.C. 

H.T.G. 

H.T.G. 

■Flux 

Delta! 

<  pet  > 

( pc 

i  pet  ) 

<  pet ) 

(pet ) 

1 

18.89 

4-.  19 

■2.66 

10. S! 

11.77 

'7 

iL 

16.93 

3.7B 

2. 59 

?,S2 

10,55 

1S.43 

3,43 

2.62 

8 . 93 

9.78 

4 

13.31 

3.1.2 

2.38 

7.71- 

8.59 

S 

11  .28 

2.87 

2.77 

6.5? 

7.53 

6 

9.35 

2.70 

2.97 

5.53 

6. 57 

-T 

7.50 

2.6,1 

3.43 

4. 89 

6.15 

8 

7.50 

•7  7  7: 

JL.  ^  :L^ 

3.43 

4.S9 

3.02 

9 

9.33 

2.70 

2.97 

5.52 

B.SS 

la 

1 1  .22 

2.87 

2.7? 

5.54 

7.50 

11 

13.24 

3.1 1 

2.58 

7. 58 

8.55 

12 

15.28 

3.42 

7  C  7 
.  04 

8.34 

3.59 

13 

17.32 

3 , 78 

2.59 

1 6 . 0 1 

10.83 

14 

19.42 

4.22 

2.5,6 

1 1  ,21 

12.03 
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Uncertainty  analysis 

done  on  file 

S28U2 

Uncertainty  in  coolant  tenperatar 

es  i 

0.050  ( degC  ) 

Uncertainty  in  stear^ 

t emperature : 

0.200  (degC) 

line 

ertainty  in  tube 

thermal  conduct  i^>ity ! 

1,000  (W/m-K 

Uncertainty  in  flowmeter  readings 

0.500  (pet  f 

low) 

line 

ertainty  in  Ci- 

3:05  ( pot ) 

Uncertainty  in  Alp: 

2,68  (pet) 

Unc 

ertainty  in  Enhancement  (const 

flux 

4.36  (pet) 

Unc 

ertainty  in  Enhancement  (const 

OslT->.'’ 

3.19  (pci) 

Uncertainty 

Uncertainty 

Uftcer  taint 

V  Uncertaint 

y  Uncertainty 

Overal 1 

Outside  ^ 

Inside 

Heat 

Film 

H.T.C. 

H.T.C,' 

H.T.C. 

Flux 

DeltaT 

( pet  ) 

( pet  ) 

<  Rpt  ^ ■ 

(pet ) 

(pet ) 

1 

19.20 

4.62 

-3.1  1 

11.09 

12.15 

n 

Cm 

17.40 

4.21 

3.13 

10.05 

11.07 

3 

15.38 

3.35 

3.1^ 

8.90 

9.88 

4 

13.37 

CQ 

w*  s  v.>  w 

3,21 

7.75 

8.80 

5 

11.43 

3.37 

3.29 

6.66 

7,81 

s 

9.45 

3.22 

3.45 

5.59 

6.94 

7.82 

3. '14 

3. 86 

4.78 

6.47 

8 

7.59 

2,79 

3.86 

4.75 

3.04 

9 

9.55 

3.23 

3.45 

5.65 

7,91 

10 

1  1  . 58 

3.38 

3.23 

6.75 

7,91 

1  1 

13.60 

3 .60 

3:21 

7.88 

8.93 

12 

15.48 

3. 86 

3.13 

8.95 

9 . 96 

15 

17.39 

4.20 

3.13 

10.05 

11.06 

14 

19.78 

4.45 

?.n 

11.42 

11.91 
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328V3 


tincertainty  analysis  done  on  file: 


Uncertainty  in  coo Ian 

t  temperatur 

63 : 

0.050 

( degC  ) 

Uncertainty  in  steaw 

temperature : 

0.200 

( degC ) 

Uncert ai nty  in  tube  t 

hemal  condu 

c  t  i  V  i  t  y : 

1 .000 

( y/ n-K  ) 

Uncertainty  in  fiowfnetsr  reading: 

0 . 500 

(pet  flow) 

Uncertainty  in  Ci: 

3. 35 

( pet  ) 

Uncertainty  in  Alp: 

•  •  ■ 

2-.  80 

(pci  ) 

Uncertainty  in  Enhanc 

ement  (ponst 

•  f iux  )! 

4 ;  aS 

( pet  ) 

Uncertainty  in  Enhancement  (eepst 

DeiT>‘ 

3.?3 

u  . 

(pot  ) 

Uncertainty  Uncertainty 

Uncertaint  y 

^  Uncertainty  Unc 

ertainty 

Overal 1 

Outside 

-Inside 

• 

Heat 

Film 

H.T.C. 

H.T.C. 

H.T.C. 

Flux 

OeltaT 

( pet ) 

(pci  ) 

<  pot ) 

( pet ) 

(pet ) 

1  19. 2G 

4.77- 

3.41 

11.13 

12.17 

2  17.47 

4.35 

■  3.42 

10.10 

11.15 

3  IS. 39 

3.97 

3 . 45 

S.90 

5.91 

4  13.51 

3.70 

3.49 

7,33 

8.91 

5  11.54 

3.43 

3 . 57 

B.72 

7.90 

B  9-41 

3.3? 

3.72 

5.57 

S.33 

7  7.53 

5.23 

4.  ii§ 

4.71 

S.4I 

8  7.53 

2. 89 

4.10 

.,4'"’ 

2.92 

9  9.49 

3'.  32 

.  ?-72 

§.b1 

S.99 

10  11.40 

3,47 

3.57 

P  .64 

7.32 

1 1  13.34 

3.69 

3.  is 

7.75 

8.81 

12  15.42 

3.38 

3.45 

8.92 

9.3S 

13  17.40 

4.34 

3.42 

10. 0S 

11,11 

14  19.37 

4.7B 

3.41- 

M  .  1  B 

12.23 
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Uncertainty  analysis  done  on  fils: 

Uncertainty  in  coolant  temperatures: 
Uncertainty  in  steam  temperature: 
Uncertainty  in  tube  thermal  conductivity: 
Uncertainty  in  flowmeter  reading: 


Uncertainty  in 
Uncertainty  in 
Uncertainty  in 
Uncertainty  in 


Ci: 

ftip: 

Enhancement 

Enhancement 


(const  flux) 

( const  Del” ) : 


2. Si  (pet) 
J . S7  ( pet  ) 
3.40  ( pet ) 

2!55  (pet) 


Uncertainty 

Uncertainty 

Uncertain 

Overall 

Outside 

Inside 

H.T.C.  . 

u  r  r 
n  .  1  .  w  . 

H.T.-C. 

(pet ) 

( pci  ) 

( pet  ) 

1 

22.20 

4.70 

2.76  • 

2 

20.00 

4.32 

2.78 

3 

17.50 

3.73 

•  2.81 

4 

1  =:  77 

3.27 

2.87 

5 

12.91 

2.90 

2.36 

6 

10.62 

2.63  . 

3.14 

7 

8.26 

2.45 

3 . 58 

8 

8.26 

1.99 

3.58 

9 

10.54 

2.63 

3,14 

10 

12.90 

2.30 

2.96 

1 1 

15.29 

3.23 

2.87 

12 

17.56 

3.74 

2.8) 

13 

13.91 

4.30 

2,78 

14 

22.29 

5.00 

2.76 

Uncertainty 
Heat 
Flux 
( pet  > 

12.82 
11.55 
10.12 
8.81 
7.51 
B.25 
5.10 
5.10 
6.21 
7.50 
8,85 
10.15 
1  1.50 
12.87 


Uncertaint 
Film 
Delta! 
(pet ) 

15. 0S 
12.41 
10.91 
9.B1 
8.33 
7.19 
B.28 
2.72 
7.14 
8.32 
5.55 
10.98 
12.35 
13.82 
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UncartBlnty 

ana 

i  lysis  done 

on  file: 

S38U3 

Uncertainty 

in 

coolant  temperatures  - 

0.050 

( dagC  ) 

Uncertainty 

in 

steaiv?  tempe 

nature-* 

0 , 200 

( degC ) 

Uncsrt ainty 

i  r» 

tube  therma 

1  conduc t  i V ity 

1  ,  000 

( Iv/  m”'K  f 

Uncertainty 

in 

fiowr-eter  r 

eading:  ■  • 

0.500 

(pet  flow) 

Uncertainty 

in 

U  i  » 

3.22 

( pet  ) 

Urfcertainty 

i  n 

Alp: 

jT  ;'4-  1 

(pet  ) 

Uncertainty 

in 

Enhancement 

(conot 

3 . 80 

( pet  > 

Unc  ert  3 inty 

in 

Enhancement 

(const  pelT): 

2,35 

(pet  ) 

Uncertainty 

Uncerta inty 

uncertainty 

Uncertain 

Overall 

Outside 

Inside 

Heat 

H .  T .  C . 

H .  T  ^  G\ 

H/r.G- 

Flux 

{ pet  ) 

( pet  ) 

•  •  (  p  c  t  ) 

( pet  ) 

t 

21.59 

•C  .  0  i 

•  3  --*2  S 

12.70 

2 

19.56 

4,46 

3,30 

11.33 

17.33 

3.93 

3,32 

10,02 

4 

15.03 

3.51 

3,37 

8.71 

5 

12.82 

3,19 

5 , 45 

7.4B 

6 

10.38 

2.53 

3, S3 

S  ,  I  ! 

<-? 

{ 

8,23 

2.78 

3 9S 

5,05 

3 

8.22 

2.77 

3.3S 

5.0S 

3 

10.51 

2.34 

3  •  B0 

S.  IS 

0 

12.3! 

3.!_a 

3  -  4S 

7/45 

1 

15.08 

3 .  S  i 

3.37 

.  8.73 

2 

17.25 

3.  §4 

5.32 

3/3? 

3 

i  9 . 58 

4.49 

5.S0 

1  K  3  i 

4 

22 . 07 

4.33 

3.23 

1^/75 
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CD  c>j  CO  a*j  ui  r  j  lo  la*  c>j  oi  cd  ov* 

CO  tsi  CO  ro  sxi  LTJ  til  r .)  -  J  oi  -o  cd  w  o-i 


Uncertainty  analysis  dene  on 


S48U1 


Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 


in  coolant  t enperatures : 
in  steam  temperature: 
in  tube  thermal  conductivity: • 
in  flouimeter  reading:  •  •? 


0-0S0  (degC) 
0.200  ( degC ) 
1.000  (U/m-K) 
0.500  (pet  flow) 


Unc 

srtainty  in  Ci: 

3.67 

(pet  ) 

Unc 

ertainty  in  Alp: 

2.52 

( pet  ) 

Unc 

ertainty  in  Enhancement  (const 

f  iux  )  * 

4.88 

( pet  ) 

Uncertainty  in  Enhan 

icensnt  (congt 

pelTli 

3.06 

( pet  ) 

Uncerteiniy 

Uncertainty 

Line  srtainty 

Unc 

:ertainiy 

Uncertainty 

Overai 1 

Outside 

Inside 

t 

Heat 

Fi  it»i 

H.T.C. 

H.T.C. 

H .  T  .'.C . 

piLix 

De  1 1  aT 

( pet  > 

( pet  ) 

{pet ) 

( pci  ) 

1 

(pet ) 

1 

21  .85 

5.5B 

3  •  83 

- 

12.62 

13.75 

/ 

19.81 

4.84 

3. 64 

11,44 

12.46 

3 

17.45 

4.24 

3,67 

10.09 

1  •  .05 

4 

15.28 

3.77 

3.71 

8.85 

9.81 

5 

12.9G 

3.42 

"3 

3  .  ro 

7 . 53 

8.53 

& 

10. 85 

3.17 

5.S2 

0.27 

7 .38 

r 

{ 

8.3S 

3.02 

4.28 

5. 16 

6 .53 

8 

8.35 

2.6! 

4.28 

S.  15 

2.65 

3 

10.74 

3.18 

3.32 

G.32 

7.44 

10 

12.90 

3.41 

3:78 

7.50 

8.43 

1 1 

15.31 

3.77  ■ 

5.71 

8.87 

9.83 

12 

17.74 

4.24 

3 . 67 

1?,2B 

1 1  .25 

13 

20.10 

4.8t 

3.B4 

1 1  .S) 

12.61 

14 

22  i  43 

5.61 

3.63 

12,95 

14,20 
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Unc 

ertainty  analysis 

done  on  file 

“ 

Line 

ertainty  in  cooian 

t  temperatur 

Uncertainty  in  stean 

tenperature : 

Unc 

ertainty  in  tube  t 

hermal  conductivity: 

Uncertainty  in  fiowneter  reading: 

Uncertainty  in  Ci: 

Uncertainty  in  Aip: 

Uncertainty  in  Enhanesnant  (const 

flux  >: 

Unc 

ertainty  in  Enhanc 

enant  (const 

DelT): 

Uncertainty  Uncertainty 

Uncertainty 

Overall 

Outside 

Tnsi de 

H.T.C. 

H.T.C. 

H.T.C. 

( pet  ) 

< pet  ) 

<pct") 

1 

21  .7? 

4 .99 

2. 19' 

2 

19.44 

4.  IS 

2.21 

3 

17.33 

3.57 

0  yc 

4 

15.03 

3,06 

2.32 

5 

12,72 

2.BS 

2.43 

B 

10.43 

2.37 

2.65 

7 

8.32 

2.20 

3 . 1 S 

8 

8.2S 

1  .67 

3.16 

9 

13.51 

2.37 

2. 65 

10 

12. S8 

2.66 

2.43 

1 1 

15.07 

3.06 

2.32 

12 

17.33 

3.56 

2.25 

13 

19.57 

4.14 

2.21 

14 

22.05 

4.88 

2.19 

S48V2 

0.050  ( degC  ) 
3.200  (degC) 
t.000  <W/!n-K) 
0.500  (pet  flow) 

2.39  (pet) 

■1.55  (pet) 

3.0S  (pet  ) 

2,31  (pet ) 


Uncertainty 

Uncertainty 

Heat 

Film 

Flux 

Delta! 

(ppt ) 

(pet ) 

12.57 

13.49 

n ,  23 

12.04 

IS.  02 

10.80 

p.70 

•3.43 

7 . 40 

8.14 

6.14 

S .  57 

5.13 

E.21 

5.10 

2.70 

6,19 

7.03 

7.38 

8.12 

8.73 

5.46 

10.02 

10.73 

1  1.31 

12.10 

12.74 

13.64 
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Uncertainty 

analysis  done  on  file^ 

S75V1 

Uncertainty 

in 

ccoient  t  srnperatures : 

0.0S0 

( degC  .) 

Uncertainty 

in 

st eari  temperature : 

0.200 

( degC ) 

Uncsrt ainty 

in 

tube  thermal  conductivity: 

1.000 

( W/n-K  ) 

Uncert ainty 

in 

flowmeter  reading : 

0.500 

(pet  flow 

Uncertainty 

in 

Ci: 

1.97 

(pet  ) 

Uncertainty 

in 

Alp: 

1-36 

(pet  ) 

Uncertainty 

in 

Enhancement  (const  flux): 

2,93 

( pot  > 

Uncert ainty 

in 

Enhancement  (const  Dell): 

2.20 

(pet ) 

Uncertainty 

Uncertainty 

Unseniainty 

Uncertainty 

Uncertainty 

Overall 

Outside 

Inside 

Heat, 

Film 

H.T.C, 

H.T.C. 

■  H.T.C. 

Flux 

DeltaT 

( pet  > 

( pet  > 

(pet  1 

( pet ) 

(pci  ) 

1 

24.41 

5.59 

■  -2.07 

14.10 

15,11 

2 

21  .74 

4.71 

2.10 

12.56 

13.53 

5 

19.28 

3.91 

2.14 

11.14 

11.96 

4 

IB.  57 

3.27 

2.21 

9.65 

10-37 

5 

14.19 

2.78 

2.32 

8.24 

8.95 

G 

n  .SB 

2.40 

2.55 

B.84 

7. 82 

7 

9.15 

2,15 

3.08 

5-58 

S,58 

8 

9.18 

2.12 

.3.08 

5.60 

6.42 

9 

1 1  .B3 

2.40 

2.55 

S .  S2 

7.S0 

10 

14.22 

2.73 

?.32 

S.26 

8.97 

1 1 

16.82 

3.28 

2.21 

9.73 

10.46 

12 

1  9,.  35 

3.91 

2.14 

11.18 

11.99 

1 3 

21.94 

4.69 

2.10 

12.67 

13. B2 

14 

24,71 

5. 68 

2.07 

14.27 

15.42 
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Uncertainty  analysis  done  on  file- 


S75U2 


Uncertainty  in  coolant  temperatures: 
Uncertainty  in  steam  temperature: 
Uncertainty  in  tube  thermal  conductivity: 
Uncertainty  in  flowmeter  reading: 


0 . 050  ( degC  ) 
g.293  (degC) 
1,000  (W/m-!<> 
0.500  (pet  flow) 


Uncertainty  in  Ci:  ■  ' 

Uncertainty  in  Alp: 

Uncertainty  in  Enhancement  (const  flux):  - 
Uncertainty  in  Enhancement  (const  pel-T<* 


2.2)  (pet) 
1,58  (pct> 
3.12  (pet) 
2.34  (pet) 


Uncertainty 

Uncertainty 

Uncerteinty 

Uncertainty 

Overal 1 

Outside 

Inside 

Heat 

H.T.C. 

H.T.C. 

H.T.C. 

Flux 

( pet  > 

( pet ) 

<  pet  ) 

( pet  ) 

1 

25.47 

22.59 

1  .64 
5.05 

•2.30  • 

2.33 

14.71 

13.05 

4 

19.96 

17.4] 

4.22  ' 

3.53 

2.37 

2.43 

1 1  .54 
10.07 

5 

14.60 

2.98 

2.54 

S .  47 

B 

7 

12.05 

9.45 

2.59 

2.34 

2,74 

3.24 

7 . 06 
5.75 

8 

S.46 

1  .72 

3.24 

5.75 

s 

12.03 

2.59 

2,74 

7.05 

10 

1 1 

14.68 

17.18 

2.93 

3.51 

2.54 

2.43 

3 . 52 
9.34 

12 

19.73 

4.20 

2.37 

11.44 

15 

22.57 

5.02 

2.33 

13.04 

25.21 

6.05 

2.30 

14,55 

Uncertainty 
Film 
Delta! 
(pci ) 

1  .77 
14.00 
12.42 
10.85 
9.22 
7.37 
6.7B 
2.69 
7.8B 
S.27 
19.71 
12.31 
13.96 
15.S7 
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Uncertainty  anaiysie  done  on  file- 


Uncert ainty 
Uncert ainty 
Uncertainty 
Uncertainty 


in  coolant  temperatures : 
in  steam  temperature: 
in  tube  thermal  conductivity's 
in  flowmeter  reading: 


Uncertainty 
Uncertainty 
Uncert  ainty 
Uncertainty 


in  Ci:  •  * 

in  Alp: 

in  Enhancement  (const  flu>c)«  • 
in  Enhancement  (const  D^iT): 


S95Ut 

0 . 050  ( degC  ) 
0.200  (dsgC) 
1,000  (W/m-K) 
0,500  (pet  flow) 

3.35  (pet) 

2.34  (pet) 

1,17  (pet) 

2.83  (pet) 


Uncertainty 

Uncertainty 

Overall 

Outside , 

H.T.C. 

H.T.C. 

( pet  ) 

( pet  ) 

t 

27,06 

7.34 

2 

24.25 

B.02 

3 

21.55 

4.98 

A 

18.41 

4.17 

5 

15.89 

3.80 

6 

12.S2 

3.17 

7 

10.10 

2.91 

8 

10.18 

2.88 

3 

12.88 

3 . 1  B 

■ 

15.96 

3. 80 

1  ! 

18.92 

4.18 

12 

21  .83 

4.31 

13 

24.94 

5.87 

14 

28.00 

7.05 

Uncertainty 

Uncerteinty 

Uncertainty 

Inside 

Heat 

Film 

H.TiC. 

F  lUK 

Delta! 

(  pet ) 

( pet  ) 

< pet  ) 

3.40 

15,83 

17.27 

3.42 

14.01 

15.33 

3.45 

12,45 

13.53 

3.49 

10.85 

1  1  .59 

3.57 

9.22 

10.11 

3.72 

7. SB 

8.50 

4.10 

6.10 

7.26 

4.  10 

6.15 

7.10 

3.72 

7 .  S3 

8.48 

3,57 

9.25 

10.14 

3.49 

1S';94 

1  1  .87 

5 . 45 

12.51 

13.58 

3.42 

1.4.41 

15.52 

5.40 

16.17 

17.43 
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Uncertainty  analysis  done  on  i iia- 

Uncertainty  in  coolant  temperatures J 
Uncertainty  in  steam  temperature ■  ^ 

Uncertainty  in  tube  thermal  conductivity: 
Uncertainty  in  flowmeter  reading: 

Uncertainty  in  Ci: 

Uncertainty  in  Alp: 

Uncertainty  in  Enhancement  (const  flux): 

Uncertainty  in  Enhancement  (.const  DelT): 


39BU2 

0.050  ( degC ) 
0.200  (degC) 
1,000  (W/m-K) 
0.500  (pot  flow) 

1.32  (pci.) 

.92  (pot) 

2.61  (pet) 

T.SG  (pci) 


Uncertainty 

Uncertainty 

Overall 

Outside 

H.T.C. 

H.T.C. 

(pet  ) 

( pci  ) 

1 

25. 67 

5.95 

o 

23.04 

4.35 

3 

20.33 

4.01 

4 

17.54 

3.23 

5 

14.32 

2.70 

B 

12.25, 

2.25  . 

■7 

3.63 

1.94 

8 

3. 60 

1  .89 

3 

12.23 

2.24 

10 

14.79 

2.68 

1  1 

17.65 

3.29 

12 

20.33 

4.03 

1 3 

23.07 

4.88 

14 

25.79 

5.93 

artainty 

Uncertainty 

Uncertainty 

Inside 

Heat 

Film 

H.T..C. 

Flux 

Delta! 

vPet  ) 

( pet  ) 

(pet  ) 

1  .47 

'14.82 

15.89 

1  .51 

13.31 

14.30 

1  .57 

11.75 

12.50 

1  .66 

10.15 

10.85 

1  .81 

8 . 66 

9.31 

2.09 

7.17 

7.8? 

2.71 

5.85 

B.74 

2.71 

'  5.83 

S.54  ^ 

2.09 

7.16 

7.86 

1.81 

8.59 

3.23 

1.66 

10.21 

10.91 

1  .57 

11.75 

12.55 

1  .51 

13.32 

14.19 

1  .47 

14.89 

15.94 
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Uncertainty  analysis  done  on  file: 


S12SU1 


Uncertainty  in  coolant  tenperaturee n 
Unceriainty  in  steam  temperature; 
Uncertainty  in  tube  ther-msl  conductivity: 
Uncertainty  in  flowmeter  reading: 

Uncertainty  in  Ci: 

Uncertainty  in  Aip: 

Uncertainty  in  Enhancement  (const  flux): 
Uncertainty  in  Enhancement  (const  OeiT); 


0.050  (degC) 
0.230  <denC) 
1.000  (W/m-K) 
0.S00  (pet  flow) 

2.72  (pet) 

1 , S3  ( pot ) 

3.3E  (pet) 

2.52  (pet) 


Uncertainty  Uncertainty  Uneartainty  Uncertainty  Uncertaint 
Overall  Outside  Inside  Heat 

H.T.G.  H.T.C.  H.T.Cv  Flux  Delta! 

(pet)  (pet)  (pci)  (pet)  (pci) 


1 

28.50 

7.37 

2. 83 

IS.  43 

17.83 

2 

25.77 

S.I2 

2. 82 

14.88 

15.17 

3 

22.79 

5.00 

2.35 

13,16 

14.20 

4 

18.5S  . 

4,10 

2.30 

11.31 

12.19 

5 

IS . 60 

3.44 

2.93 

9.63 

10.44 

6 

1 3 .  S0 

2.95 

3.17 

7.94 

8.79 

7 

10.54 

2.B3 

3.61 

6.35 

7.37 

3 

10.52 

1  .55 

3.61 

S.34 

2.69 

9 

13.51 

2.94 

3,17 

7.39 

8.73 

10 

IB. 42 

3.42 

2.99 

9.52 

10.32 

1 1 

13.42  . 

4.09 

2.90 

n  .23 

12.10 

1 2 

2^1  *  44 

4.97 

2.85 

12.96 

13.39 

13 

25.45 

S.1  1 

2.82 

14.70 

15.98 

14 

28.56 

7.34 

2.80 

15.49 

17.86 
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Uncertainty 

analysis  done  on  file: 

Si2Sij: 

Uncertainty 

in 

coolant  temperatures • 

0.050 

( degC  ) 

Uncertainty 

in 

steam  temperature: 

0.20S 

( degC ) 

Uncertainty 

in 

tube  thermal  conductivity: 

1.000 

(y/m-K  ) 

Uncertainty 

in 

flowmeter  reading: 

0.500 

(pet  flow) 

Uncertainty 

in 

Ci: 

1  .67 

(pet  ) 

Uncertainty 

in 

Aip : 

1 .10 

( pet  ) 

Uncert ainty 

in 

Enhancement  (const  flux): 

2.73 

(  pet  ) 

Uncertainty 

in 

Enhancement  (const  OsiT)! 

2.0S 

(pet  ) 

Uncertainty 

Uncertainty 

Uncertainty 

Uncertaint 

Overall 

Outside 

Inside 

Heat 

H.T.C. 

H.T.C, 

H.T.C. 

Flux 

( pet  > 

(pet) 

{ pet  ) 

( pet  ) 

1 

27.55 

6.98 

1-78 

15,91 

2 

24.74 

5.6? 

1  .si 

14.23 

3 

22,07 

4.61 

1  .67 

12,76 

4 

19.07 

3.71 

1.34 

li  .03 

5 

18.08 

3.00 

2.07 

3.33 

6 

13.10 

2.46 

2.33 

7,66 

7 

10.26 

2.11 

2. 89 

6, 1’3 

8 

10.25 

1  .29 

2.89 

sjg 

9 

13.16 

2.47 

2.33 

7.69 

10 

16.15 

3.00 

2.07 

9-36 

11 

18.93 

3.69 

1 .94 

10^99 

12 

22.05 

4.59 

1,87 

12.74 

15 

25.0! 

5.72 

i .  82 

14;  45 

14 

28-00 

6.94 

1  .78 

16.17 

y 


Un: 


:ertainty 
Fiin 
OeliaT 
( pci;  > 

!7.18 
15.32 
13.63 
1 1  .79 
10.01 
3.3B 
7.06 
.2.65 
8.39 
10.05 
11.74 
13.65 
15.61 
17.42 
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Uncertainty  analysis  done  on  file^ 


S142U3 


Uncertainty  in 
Uncertainty  in 
Uncertainty  In 
Uncertainty  in 


coolant  temperatures- 
steam  temperature: 
tube  thermal  conductivity: 
flowmeter  readinQ:  .  - 


0.050  ’;desC) 
0,200  (degC) 
1.000 

0.500  (pet  flow> 


Uncertainty  in 
Uncertainty  in 
Uncertainty  in 
Uncertainty  in 


Oi  * 

1  • 

ftip : 

EnhanceneiTt  (coFist  fiuxis- 
Enhancement  (conet  DelTJj 


1.70  (pet) 
1.81  ( pci  ) 

2 , 67  ( pci  ) 

2,00  <  pet  ) 


Uncertainty 

Uncertainty 

Ur.eertaint 

Overall 

Outside 

Inside 

H.T.C. 

H.T.C.. 

H.T.C. 

( pet  ) 

( pet  ) 

( pet  ) 

1 

1 

27.76 

8.30 

1 .81* 

2 

24.66 

6.54 

1  .84 

3 

21.77 

5.15 

1,89 

4 

18.61 

3.37 

1.97 

5 

15.87 

3.09 

2.10 

B 

12.83 

2.44 

2.35 

7 

10.05 

2.03 

2,91 

8 

10,03 

1.17 

2.91 

9 

12.80 

2 . 4p 

2.35 

10 

15.69  . 

5.07 

2.10 

1 1 

18.60 

3.96 

1.97 

12 

21.53 

5.16 

1  .89 

13 

24.62 

6.49 

1  .84 

14 

27.59 

8.74 

1.81 

Uncertainty 
V  Heat 
Flux 
(pet  > 


IS  .03 
14.24 
12. SS 
18^77 

7.51 

E.e>e 

6 .07 
7,49 

1 0 .  ?-B 
12. 4^ 
14,32 
i5:bi 


Uncertainty 
Film 
DeitaT 
(pet ) 

17.64 
15.48 
13.67 
1 1  .59 
9.88 
8.14 
6.82 
2.32 
8.12 
9.77 
1  1  .57 
13.53 
15.43 
17.92 
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S142U4 


Uncertainty  analysis  done  on  file- 


Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 


in  coolant  temperatures ’ 
in  steart  tenperature s 
in  tube  thermal  conduct i vity: 
in  fioujmeter  reading' 


0 . 05<2;  i  degC  ) 
0.200  (dagC) 
1.000  (W/m-K) 
0,500  (pet  flow) 


IJncert  ainty 
Uncertainty 
Unc  er  t  amt  ■/ 
Uncertainty 


i  n  C  i 
in  Alp: 

in  Enhancement  (const  flux); 
in  Enhancement  (conet  DeiT)> 


2,82  (pci-) 
1 , 79  (  pet  ) 

3.3?  ( pet  ) 

2 . 4S  ( pet  > 


Uncertainty 

Uncertainty 

Uncertainty 

Uficert  ainty 

Uncertainty 

Overall 

Outride,  ■ 

■Inside 

•  Heat 

Film 

H.T.C. 

H.T.C;’ 

H.T.C. 

Flux 

DeiiaT 

<  pet  > 

<pc.t) 

( pet  ) 

( pet  ) 

( pet ) 

1 

27.29 

8.09 

2.89 

15.76 

17,35 

2 

24.26 

G.46 

2.91 

14.01 

15.27 

3 

21  .52 

5.21 

2.94 

12.44 

13.57 

4 

18.43 

4.14 

2.99 

10.66 

1 1  .50 

5 

15.50 

3.33 

3.08 

8.99 

3.78 

e 

12.77 

2.87 

3.25 

7,47 

8.26 

7 

3.32 

2.53 

3.68 

6.81 

6.93 

3 

9.97 

2.50 

3 . 68 

6.04 

6.75 

9 

12.75 

2.§6 

3.25 

7.46 

8.25 

10 

15.49 

3.38 

3.08 

8.93 

9.77 

1 1 

18.42 

4.  IS 

2.99 

18.66 

1  1  .56 

12 

21.23 

5.21 

2.94 

12.27 

13.40 

15 

23. 8B 

E.67 

2.91 

13.73 

15.30 

14 

27.  16 

7.0S 

2.89 

15.68 

15,87 
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Uncertainty  in  Ci-  ' 

Uncertainty  in  Alp:  ,  ' 

Uncertainty  in  Enhancement  (const 
Uncertainty  in  Enhancement  (const  DelT)! 


4.87  (pci) 

2.8c  (pet) 
4.57  (pet) 
3.45  (pet) 


Uncertainty  Uncertainty  Uncertainty  Uncertainty  Uncertainty 
Overall  Outside  •..■Inside  Heat 

H  T-C.  H.T.C.  H.T.C.  Flux  Delta! 


(pci  ) 


( net  ) 


( DCt  ) 


( nc  t  > 


1 

\ 

28.19 

9.05 

2 

25.22 

7.12 

3 

22.18 

5.93 

4 

18.91 

4.93 

5 

15.85 

4 . 29 

e 

12.99 

3.30 

7 

9.99 

3.52 

S 

9.57 

3.02 

9 

12.71 

3.79 

10 

15.79 

4.25 

1 1 

18.50 

4.99 

12 

21  .27 

B.00 

13 

24.24 

7,47 

14 

27.28 

8.94 

4.91 

16.23 

1  S .  58 

4.92 

14.57 

16.04 

4.94 

12,81 

14.20 

4.97 

18.94 

12.05 

5.02 

9.20 

10.30 

«  I  <0 

7.58 

8.72 

5.41 

6.05 

7,38 

5.41 

6.03 

2 .  OP 

5.13 

7.44 

8.58 

5.02 

9.14 

18-24 

4.97 

10.70 

1  1  .90 

4.94 

12.29 

13.73 

4.32 

14.00 

15.84 

4.91 

15.75 

17.63 
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Uncertainty  analysis  dons  on  file 2 


Uncertainty  in  coolant  ter^peratures : 
Uncertainty  in  stean  tenperature : 

Uncertai ntv  in  tube  themsl  conduct  ivvi  ty  # 
Uncertainty  in  flowmeter  reading i  -  - 


0 . 0b0  ( degC  ) 


0.400  ( degC ) 

1 „000  { U/m-K  ) 
0.S00  (pet  flow) 


Uncertainty  in  Ci“  '  3.95  (p^t) 

Uncertainty  in  Alp^  l.So  (pet 


Uncertainty 

Uncertainty 

Overall 

Outside 

u  T  0 
rt  ■  t  .  w  • 

H.T.C. 

(pet  ) 

( pet  ) 

1 

9.22 

12.51 

2 

8.23 

7.91 

3 

7.15 

5.29 

4 

S.27 

5.B8 

5 

5.32 

2.71 

B 

4.43 

2.29 

( 

3.S4 

2.16 

8 

3.83 

1  . 73 

g 

4.42 

2.29 

10 

5.29 

2.71 

11 

B.27 

3.58 

12 

7.22 

5. 68 

13 

S.22 

7.52 

14 

3.29 

)  1  . 78 

Uncertainty 

Uncertainty 

Uncertain 

Inpide 

Keat 

Film 

.  H.T.C. 

Flux 

Delta! 

•  <  ppt  > 

( pet  ) 

V  pet ) 

4 .  ®0 

5.34 

9.44 

4.01 

4.78 

7.00 

4.04 

4.17 

S.  15 

4.07 

3.S9 

5.24 

4.14 

3.21 

4,37 

4.27 

2,84 

3,89 

4 .  S0 

2. 82 

3.89 

4 . 60 

2.87 

1  .49 

4.27 

h  oi 

3.37 

4.14 

3 . 1,9 

4.34 

4.87 

3.69 

S.17 

4.04 

4.21 

6.55 

4.01 

4.77 

7.43 

4.80 

5.33 

9.28 
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Unoertainty  analysis  done  on  file: 


SSMTA3 


Uncertainty  in  coolant  temperatures:  0.2B0  (degC) 

Uncertainty  in  steam  temperature:  0,400  ( degC > 

Uncertainty  in  tube  thermal  conductivity:  i,000  (W/m-K) 

Uncertainty  in  flowmeter  reading:  0.500  ipct  flew) 


Uncertainty  in  Ci:  o.G?  (pcf) 

Uncertainty  in  Alp;  1,14  (p^i) 


Uncertainty 

Uncertainty 

Uncertaint y 

Uncertainty 

Uncertainty 

Overai 1 

Outside 

Inside 

Heat 

Film 

H  ,  i  ,  L  . 

H.T.Q. 

•h'.t.c. 

Flu>; 

Delia! 

< pet ) 

( pet .) 

<  pet  ) 

( pet  ) 

\  p  c  t  / 

\ 

3.3'7 

S.82 

2.74 

5.45 

7.12 

'7 

8 . 33 

6.48 

O  *7*7 

4.84 

7.07 

3 

7.27 

4.30 

2.80 

4.24 

5.75 

4 

5.29 

3.04 

2.85 

5.70 

4.37 

5 

5.32 

2.18 

2.94 

3.21 

4.07 

6 

4.44 

!  .78 

3. 12 

2.85 

3,61 

7 

3.87 

!  .65 

3.57 

2.89 

3,SS 

3 

3.85 

1.20 

3.57 

2.88 

1  .51 

3 

4.43 

1  .77 

3.12 

2.84 

3.60 

10 

5 . 33 

2.16 

2.94 

3.21 

4.05 

1  I 

12 

S.30 

7.29 

2.96 

4.72 

2.85 

2.80 

3.71 

4.25 

4.83 

6.07 

13 

S.2S 

6.6^ 

2.77 

■  4,73 

7.02 

14 

9 '  o4 

10.23 

2.74 

5.41 

8.77 
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Uncertainty  analysis  done  on  rile: 


Uncertainty  in  coolant  tenperstures : 
Uncertainty  in  steam  temperature: 
Uncertainty  zn  tube  thermal  conductivity: 
Uncertainty  in  flowmeter  reading: 


0.050  <  degC  ) 

0 . 400  ( degC  ) 
1.000  (W/m-K) 
0.500  (pot  fl 


Uncertainty  in 
Uncertainty  in 
Uncertainty  in 
Uncertainty  in 


Ci: 

Aip: 

Enhancement 

Enhancement 


( const  f lox  ) : 
(const  DeiT): 


3.43  (pet) 
S.0I  (pet) 
2-34  (pet) 
2, 2 1  (pot) 


1 

2 

4 

5 
S 

7 

8 
9 

10 
1  1 
12 

13 

14 


Uncertainty 

Uncertginty 

Overall 

Outside  ■ 

H.T.C. 

H.T.C. 

( pet ) 

(Rct  ) 

7.68 

3.77 

S.B7 

3.39 

5.10 

2.91 

5.28 

2.62 

4.57 

2.43 

3.87 

2 . 34 

3.52 

n  TO 

3.52 

2,06 

3.87 

2.34 

4.51 

2.44 

5.23 

2. ST 

B.0S 

2.91 

6.87 

3  •  35 

7.75 

3.72 

icertainty 

Uncertainty 

Inside 

Heat 

H.T.C. 

Flux 

( pet  ) 

(pet  ) 

3.49 

4.45 

3.50 

4.00 

3-63 

3.57 

3.57 

3.14 

3.64 

2.80 

3.79 

2.56 

4-.  IS 

2.74 

4.16 

2.74 

3.79 

2.56 

3.64 

2,77 

3.57 

3.14 

-3.53 

3,55 

3.50 

3.99 

3.49 

4. 49 

Uncertainty 
Film 
QelteT 
(pet  ) 

B.B7 
5.33 
4.78 
4.32 
4.01 
3.83 
4.05 
1  .97 
3.83 
3 . 98 
4.31 
4.75 
5.30 
5.70 
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1 

7.8© 

2 

B.9B 

3 

6.15 

4 

5 . 32 

5 

4.56 

S 

3.33 

7 

3.54 

8 

3.54 

3 

3.89 

10 

4 . 56 

1 1 

5. 26 

12 

B.03 

15 

6,91 

14 

7.67 

4.15 

3.90 

3.57 

3.92 

3.18 

3.94 

2.92 

i .  98 

2.74 

4.84 

2.65 

4.18 

2. S3 

4 . 52 

2.38 

4.52 

2.65 

4.18 

2.74 

4.04 

2 . 93 

3.98 

3.2t 

3.94 

3.47 

3.92 

4.24 

?,90 

4.52 

6.15 

4.05 

5 . 50 

3 .60 

4.98 

3. IS 

4.53 

2.79 

4.2i 

2. SB 

4.04 

2.74 

4.26 

2.74 

1  .93 

2.57 

4.05 

2.79 

4.20 

3.12 

4.51 

3.53 

4.92 

4.02 

5.31 

4.45 

6.10 
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1 

6.37 

2.32 

9 

c. 

6 .27 

2-70 

3 

5.57 

2,54 

4 

4.SS 

2-.  41 

5 

4.22 

c  > 

6 

3. 64 

2.29 

rf 

< 

3.41 

2.31 

8 

5.41 

2.29 

g 

3  .SB 

2.23 

10 

4,20 

2.33 

1  1 

4,99 

2.41 

!  -7 

1  /. 

5,54 

2.54 

i'3 

6.3© 

2.71 

14 

7.06 

2.3i 

2-.1S  ■  4.05  5.11 
2.73  5-66  4.73 
2.31  3.27  4.42 

2. gS  2.31  4. 1 2 
2,S5  2^51  3.91 

3 .  J  3  2.44  3.86 
3'.57  2.69  4.13 
3.57  2,69  4. -08 
3.13  2,45  3.37 
2.95  2. 53  3,83 
2. 86  2.32  4.12 
2.81  3,25  4.40 
2. 78  3,67  4.79 
2.76  4.10  5.15 
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Uncertainty  analysis  done  on  file 

Uncertainty  in  coolant  tenperatur 
Uncertainty  in  stear.  tei^sperature ; 
Uncertainty  in  tubs  thernai  condu 
Uncertainty  In  flowmeter  reaaing^ 

Uncertainty  in  Ci : 

Uncertainty  in  Alp: 

Uncertainty  in  Enhancement  (const 
Uncertainty  in  Enhancement  (const 


Uncertainty 

Uncertain 

Overall 

Outside 

H.T.C. 

H.T.C. 

( pet  > 

<  pet  > 

1 

7.21 

3.8S 

2 

S .  46 

3. S3 

3 

5.73 

3.70 

4 

5.03 

3.54 

5 

4.36 

3.44 

S 

3.75 

3 . 3S 

7 

3.47 

3.37 

8 

3.46 

3.37 

S 

0 .  5 

3.38. 

10 

4.32 

3.44 

1  1 

5.00 

3.54 

12 

5.68 

3.71 

13 

'6.47 

5 . 36 

14 

7.22 

4.2! 

S28A2 


s:  • 

0. 

.850 

( degC ) 

0, 

,400 

( degC ) 

t  i  V  i  t  y  * 

1 . 

,000 

(W/."o-K  ) 

- 

0, 

.500 

(pet  flow) 

4. 

.18 

(pet  ) 

?■ 

.09 

(pet  ) 

f  Ui;<  M 

4. 

.30 

( pet  > 

Dell): 

3. 

77 

t  X.  ^ 

(pet  ) 

Incertaipty 

Unc 

ertainty  Uncertain 

.Inside 

Hea  t 

Film 

•  H .  •! .  u  • 

Flux 

Delta! 

( pet ) 

( pet ) 

(pet ) 

.  -4.15 

4,18 

5.42 

4.17 

3.76 

5.61 

4.13 

3.36 

5.22 

4,22 

2.99 

4.91 

4.28 

2.68 

4.78 

4.41 

2.50 

4.62 

4.74 

2.71 

4.86 

4;  74 

2.7! 

4.84 

4.41 

2.50 

4.52 

4.23 

2.66 

4.68 

4.22 

2.98 

4.39 

4.19 

3.33 

5.19 

4,17 

•7  '^'*7 

»  i  i 

5.50 

4.15 

4.19 

6.05 

287 


Uncertainty  analysis  done  on  file- 


S23A3 


Uncertainty  in  coolant  tenperatures : 
Uncertainty  in  sieaw  temperature: 
Uncertainty  in  tube  thernsi  conductivi ty 
Uncertainty  in  flowmeter  reading: 

Uncertainty  in  Gi: 

Uncertainty  in  Alp: 

Uncertainty  in  Enhancement  (conet  flux;- 
Uncertainty  in  Enhancement  (const  Dell  5: 


0 . 050 

( degC  ) 

0 . 400 

<:  degC ) 

•1  ,  000 

( W/m-K  ) 

0.500 

(pet  flow) 

3.23 

( pet  ) 

2.37 

(pet  ) 

3.39 

{ pet  ) 

2.54 

(pet  ) 

Uncertainty 
Overall 
H .  T ,  C  . 

( pet  ) 


Uncertainty 

Outside 

H.T.C. 

( pet  ) 


Uncertainty  Uncertainty  Uncertaint 


Inside 

Heat 

F  i  In 

H.T-.C. 

Flux 

Delta! 

(pot  ) • 

( pet  ) 

(pet ) 

.3..3S 

4.21 

5.49 

3.36 

3.80 

5.16 

^.39 

5.39 

4.74 

3 , 43 

2.93 

4.38 

3.51 

2.67 

4.16 

3:66 

4,05 

2.49 

O  i 
jL  >  1  i 

4.08 

4.36 

#.0S 

2.7i 

2.15 

3.66 

2.43 

4.09 

3,5} 

2.66 

4.15 

3.43 

2.98 

4. 38 

3.59 

3.35 

4.71 

3,36 

3,78 

5.13 

3. 35 

4.19 

5,60 

288 


Uncer 

tainty  analysis 

done  on  file 

* 

S38A1 

Uncer 

tainty  in  coolant  temperatures : 

0.050  ( dfegC > 

Unce^r 

tainty  in  steam 

temperature : 

* 

0.400  ( cjegG ) 

Uncer 

tainty  in  tube 

thermal  condu 

c  t  i  V  i  t  y  * 

i.000  (W/>.-K) 

Uncer 

tainty  in  flowm 

eter  reading- 

• 

0,500  (pet  flow 

) 

Uncer 

tainty  in  Ci.' 

2.63  ipet') 

Uncer 

tainty  in  Aip: 

1.80  ( pet  ) 

Uncertainty  in  Enhancement  (const 

flux) : 

2.69  (pet) 

Uncertainty  in  Enhancement  (const 

DeiT):  - 

2.02  (pet) 

Uncertainty 

Uncertainty'  i 

Uncertainty 

'  Uncertainty 

Uncertainty 

Overal 1 

Outside 

•  Insi-dft 

'  He§t 

Fi  ii*i 

H.T.C. 

H.T.C; 

H.T.C. 

Flux 

Delta! 

( pot  ) 

<  pet  ) 

(pet) 

(pet  > 

(pet  > 

1 

8.20 

3.44 

2.95  • 

•4.75 

5.81 

2 

7.29 

3.05 

2.97 

4.23 

5.37 

5 

6.43 

2.65 

3.00 

3.76 

4.81 

4 

5.58 

2.39 

3.04 

3.30 

4.34 

5 

4.79 

2.22 

3.13 

2.32 

4.00 

6 

4.06 

2.13 

3.30 

2.65 

3.82 

7 

3 . 65 

2.12 

3.72 

2.73 

4.04 

8 

3. 65 

1  .87 

3.72 

2-79 

2.01 

9 

4.07 

2.13 

3.30 

2.66 

3.83 

10 

4.79 

2.22 

5.13 

2.92 

4.00 

1  1 

■  S.55 

2.58 

3.04 

S.Z9 

4  •  32 

12 

5.40 

2 . 65 

3.00 

3.74 

4.73 

13 

7.30 

3.0-4 

7  07 

^  «  w  r 

4.24 

5 . 36 

14 

8.15 

3.59 

2.95 

4.72 

5. 93 
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Uncertai 

,nty  analysis 

done  on  file: 

338n2 

uncertai 

niy  in  cooian 

t  temperatures : 

0.0S0  kdegC; 

Uncertai 

nty  in  steari 

temperature : 

0 , 400  ( degC  > 

Uncertainty  in  tube  t 

hermal  conduc 

;t  ivity : 

1.000  (W/m-K) 

Uncertainty  in  floui^eter  reading.* 

0,500  (pet  flow) 

Uncertai 

nty  in  Ci-“ 

i  84  (pet  ) 

Uncertainty  in  Alp: 

1,21  Ipct  ) 

Uncertai 

nty  in  Enhancenent  (const 

flux):  • 

2 .03  ( pet ) 

Uncertai 

niy  in  Enhancement  (const 

DaiT): 

1 .62  (pet ) 

Uncertainty  Uncertainty  Uncertainty 

•Uncertainty  Unc 

ertainty 

Overa 1  i 

Outside 

Inside 

Heat 

Filn  , 

H.T.C. 

H.T.C. 

H.T.C. 

Flux 

Delta! 

( pet  > 

(pci  ) 

( pet  ) 

( pet  ) 

(pet ) 

\ 

7.99 

2.81  •  ■ 

\  .  54 

4.63 

5.44 

c. 

7.18 

2.44 

1  .97 

4.  -7 

5.02 

3 

S.34 

2.08 

2.02 

3.71 

4.49 

4 

5.50 

1,82 

2.09 

.3.26 

4.04 

5 

4.72 

1  .56 

2.2! 

2.88 

3.71 

S 

4.03 

1  .58 

2.45 

^..64 

3 . 56 

7 

3.64 

1  .59 

2.99 

2'.7S 

3.32 

8 

3.84 

1.57 

2.93 

2.79 

3.72 

9 

4.04 

1  .53 

2.45 

2.64 

3.5? 

10 

4.74 

1 .66 

2.21 

2.89 

3.72 

1 1 

5.51 

1 .82 

2.09 

5.26 

4.04 

12 

B.3S 

2. 06 

2.02 

3.72 

4.50 

13 

7.19 

2.42 

i  .37 

4.13 

5.02 

U 

8.09 

2.78 

1 .94 

4.69 

5.49 
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Uncertainty  analysis  done  on  file: 

Uncertainty  in  coolant  temperatures: 
Uncertainty  in  steam  temperature: 
Uncertainty  in  tube  thermal  conductivity: 
Uncertainty  in  flowmeter  reading: 

Uncertainty  in  Ci-* 

Uncertainty  in  Alp: 

Uncertainty  in  Enhancement  (const  flux.): 
Uncertainty  in  Enhancement  (const  QelT): 


S4SA1 

0.050  (degC) 
0.400  ( degC  ) 
1.000  (W/m-'K) 
0.500  (pet  flow) 

2.63  (pet) 

1.7S  (pet).. 

2.S7  (pet) 

2.00  (pet) 


Uncertainty  Uncertainty  Unoertainty  Uncertainty  Uncertainty 
Overall  Outside  Inside  Heat  Film 


H.T.C. 


(pci  ) 

1 

7.98 

'■y 

i. 

7.12 

5 

G  .31 

4 

5.52 

5 

4.75 

e 

4.03 

7 

5.64 

8 

3.54 

S 

4.04 

10 

4.72 

1  1 

5.52 

i2 

G.30 

13 

7,15 

14 

8.02 

H.T.C. 

H.T.C 

( pet  ) 

(pet  It 

3.35 

2.76 

2.92 

2.79 

2.G0 

2.82 

2.34 

2.87 

2.19 

2.96 

2.10 

3.14 

2.10 

3.58 

1  .85 

3.58 

2.10 

5.14 

2.18 

2.96 

2.34 

2.87 

2.59 

2.82 

2.96 

2. 79 

3.47 

2. 76 

Flux 

Delta! 

( pet  ) 

( pet  > 

4.B2 

5.67 

4.14 

5.13 

3.69 

4.73 

3.27 

4.30 

2.89 

3.97 

2.64 

3.81 

2.79 

4,04 

2.79 

2.04 

2.64 

3.82 

2.88 

3.96 

3.27 

4.29 

3.68 

4.71 

4.16 

5.25 

4.65 

5.87 
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Uncsrtainty  analysts  done  on  fileJ 


S48A2 


Uncartainiy  in 
Uncertainty  in 
Uncertainty  in 
Uncertainty  in 


coolant  tenperatures : 
stean  temp  era  t  Lire : 
tube  thernai  conductivity: 
flowjneter  reading: 


0.050  (degC) 
0.400  ( degC ) 
!.000  (W/ro-K) 
0.500  (pet  flow) 


Uncert 

ainty  in  Ci: 

2.04 

<  pet  > 

Uncertainty  in  Alp: 

t  .42 

( pet  ) 

Uncertainty  in  Erfhance?nent  (const 

flux)  5  2.25 

( pet ) 

Uncert 

ainty  in  Enhanesr^^ent  (const 

DfiiTj:  5.59 

( pet  ) 

Uncertainty 

Uncertainty  I 

Jneertainty  Uns 

ertainty 

Uncertainty 

Overall 

Outside 

Inside 

Heat 

Filn 

H.T.C. 

H.T.C. 

H.T.c’, 

Flux 

Delta! 

( pet  ) 

( pet  ) 

(pet ; 

(pet  ) 

(pet ) 

t 

7. 85 

2.50 

2.13 

4.55 

5.42 

2 

7.02 

2.50 

2.  IB 

4,08 

4,91 

3 

E.21 

2.21 

2.20 

3 . 63 

4.49 

4 

5.44 

1.98 

2.27 

3.22 

4.09 

5 

4.96 

1  .83 

2-38 

2.85 

3.78 

6 

4.00 

1  .76 

2.30 

2.62 

3.64 

7 

3.61 

1  ,77 

3.12 

2.78 

3. 90 

8 

3.62 

1  .51 

3.12 

2.78 

2.11 

9 

3.93 

1.75  .. 

2.60 

2,61 

3. S3 

10 

4.69 

1  .83 

2.38 

2,86 

3.78 

1 1 

5.41 

1.97 

2.27 

3.21 

4.06 

12 

9.24' 

2.20 

2.20 

3.65 

4.50 

13 

7. .07 

2.53 

2.16 

4.11 

5.01 

14 

7. -93 

2.87 

2,13 

4,59 

5.4G 

292 


Uncertainty  analysis 

done  cn  file: 

S75ft1 

Unc 

ertainty  in  coo la 

nt  t empers tures : 

0 . 858 

(  cJsqC  ) 

Uncertainty  in  stean 

temperature : 

8.480 

\  degC ) 

Uncertainty  in  tube 

thermal  conduc 

t  i  'V'  i 't  y  : 

i  .000 

( W/m-K  ) 

Unc 

ertainty  in  flowmeter  reading: 

8.580 

(pet  flow) 

Unc 

ertainty  in  Ci: 

2.44- 

(pci  ) 

Unc 

ertainty  in  Alp: 

1  .61 

(pet  1- 

Uncertainty  in  Enhancernant  (const 

f  iijx  ) ; 

2.48 

( pet  ) 

Uncertainty  in  Enhancement  (const 

DeiT)J 

1  .86 

ipci  ) 

Uncertainly 

Uncertainty  Uncertainty  Uncertainty  Uncertainty 

Overai 1 

Outside' 

Inside 

Film 

H.T.C. 

H.T.C. 

•H.T.G: 

Fiux 

Delta! 

s  pet  > 

( pet  } 

( pet  > 

i  pot '/ 

( pet  > 

] 

8.E8 

3 . 43 

•2. 52 

4.07 

5.99 

O 

7. 68 

2.9B 

2.55 

4,46 

5.40 

6  >  /  f 

2.  S3 

2.58 

3.35 

4.92 

4 

5.89 

n  yrf 

2.6'4 

3.48 

4.42 

S 

5.10 

2.0? 

2.74 

3.03 

4.06 

B 

4.39 

1.97 

2.93 

2-77 

3,84 

7 

3.88 

1.96 

3.40 

2.86 

4.02 

8 

3.81 

1  .69 

3.40 

?;8s 

2.04 

G 

4,31 

1  .57 

2.33 

2.78 

3,85 

10 

5.09 

2.07 

2.74 

3 . 08 

4.06 

1 1 

5.90 

2.2S 

2.64 

3.4S 

4.41 

12 

6.79 

2.56 

2.58 

3.95 

4.92 

1 5 

7.71 

3.01 

2.55 

4^48 

5.53 

14 

8.68 

3.65 

2.52 

4 .  B3 

6.22 

293 


Uncertainty  analysis  done  on 


Uncertainty  in  coolant  temperatures: 
Uncertainty  in  steam  temperature: 
Uncertainty  in  tube  thermal  conductivity- 
Uncertainty  in  flowmeter  reading: 


0.050  (degC) 

8 . 4-00  i  degC  > 
1,000  (W/m-K) 


0.500  (pet  flow/ 


Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 


in  Ci : 
in  Alp: 

in  Enhancement 
in  Enhancement 


( const  flux ) ! 
( const  OelT 


2.26  (pet) 

1,51  (pet.) 
2,36  (pet  > 
1.77  (pet) 


Uncertainty  Uncertainty 
Overall  Outside 

H.T.C.  H.T.C.  ■ 

<pct)  (pet) 


Uncertainty  Unsertainty 
Inside  •  ■  Heat 

H.T.G. 

(act)  (pet) 


Uncertainty 
Film 
Delta! 
(pet ) 


1 

8.0^ 

3.59 

2.3S 

4.82 

2 

7.47 

2. 94 

2.37 

4.34 

3 

B.64 

2.47 

2.41 

3.88 

4 

5.78 

2.16 

2.47 

3.42 

5 

4.99 

1  .37 

2.58 

3.02 

6 

4.24 

1.87 

2.'/-8 

2.74 

7 

3.77 

1  .86 

3.27 

2.84 

8 

3.76 

1  .84 

3.27 

2.84 

9 

4.24 

1  .87 

2.78 

^ 

10 

4 . 38 

1 .  SB 

2  -  58 

3.02 

1 1 

5.81 

2.15 

2.47 

3.43 

12 

6.GS  ' 

2.45 

2.4! 

3.83 

13 

7.S2 

2.78 

2.37 

4.43 

J4 

8.54 

3.45 

2.35 

4.95 

B.03 

5.38 

4.80 

4.31 

3.95 
3.77 
3.37 
3.35 
3.77 

3.96 

4.32 
4.88 
5.30 
6.10 


294 


Uncertaih-iy 

analysis  done  on  filsi 

SS5A  i 

Uncertainty 

in 

coolant  temperature 

;  3  • 

0.056 

( degC  ) 

Uncertainty 

in 

3 team  t e rr p er a t ur e : 

0 . 406 

( degC  ) 

Uncertainty 

in 

tube  thermal  conduct iv.i iy i 

1 . 000 

( W/ n-K  ) 

Uncertainty 

in 

flowmeter  reading: 

0  „  500 

(pet  fi' 

Uncertainty 

in 

Ci : 

■  . 

2,90 

( pet  ) 

Uncertainty 

in 

Alp : 

2 . 00 

(pet  ) 

Uncertainty 

in 

Enhancement  (const 

fhx^)- 

2 .  '93 

( pet  ) 

Uncertainty 

in 

Enhancement  ( const 

DelT)f 

2.20 

(pet  > 

Uncertainty 

Uncertainty 

Uneertainty 

Uncertainty 

Overall 

Outside 

Inside 

Heat 

H.T.C. 

H.T.C. 

•  H.T.C'. 

Flu;., 

( pet ) 

<  pet  5 

(pet  ) 

( pet  ) 

1 

8.78 

3.30 

2.87 

5.08 

2 

7.84 

3.45 

2.99 

4.55 

3 

S.91 

2-.  97 

•3.02 

4.03 

4 

5.01 

2.65 

,3.07 

3. 55 

5 

5.19 

2.45 

3  •  1 5 

3.14 

B 

4.40 

2.34 

3.32 

2 . 83 

7 

3. 87 

2.32 

3.74 

2.89 

8 

3.87 

2.30 

3.74 

2.89 

9 

4.38 

2.34 

3.32 

2.82 

10  ^ 

5.18 

2.44 

S.  IS 

3.14 

1 1 

6.02 

2.64 

3.07 

3.55 

12 

6.92 

2. 96 

3.02 

4.04 

13 

7.83 

3.43 

2.99 

4.55 

14 

8.77 

4.10 

2.97 

5.08 

Uncertainty 
Film 
Delta! 
(pet ) 

6.27 
5.83 
5.19 
4. 67 

4.30 
4.03 
4.24 
4.11 
4.08 

4.30 
4.67 
5.18 
5.80 
6.53 


295 


Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 


analysis  done  on  fiisi 

S95A2 

in 

coolant  temperatures: 

0.050 

( degC  > 

in 

steam  tempersture:  ■ 

0.400 

<  degC  ) 

In 

tube  thermal  conductivity: 

1  .  000 

( W/m-K  ) 

in 

flowmeter  reading: 

0.500 

(pet  flow) 

in 

r;  •  .  . 

w  i  « 

1.90 

( pet  ) 

In 

Alp  i 

1.31 

<  pet  > 

in 

Enhancement  (const 

2.13 

{ pet  ) 

in 

Enhancement . ( const  0alT  ^  s 

i  .60 

( pet') 

Uncertainty 

Uncertainty 

Overall 

Outside 

H.T.C. 

H.T.C. 

<  pet  ) 

i  pet  > 

1 

8.54 

3.23 

2 

7.61 

2.71 

3 

6.72 

2.32 

4 

5.84 

2.00 

5 

5.02 

1 .79 

6 

4.28 

1  .63 

7 

3.81 

1  .63 

3 

3.81 

1,41 

S 

4.29 

1  .69 

10 

5,07 

1 .79 

1  1 

5.88 

1,98 

12 

6.79 

2.29 

13 

7. 69 

2.74 

14 

8.60 

3.37 

Uncertainty 

Uncertainty 

Uncertain 

inside 

Heat 

Film 

H.T.C, 

Flux 

DeltaT 

( pat  ) 

( pet  ) 

(pet) 

2.00 

■  4.94 

5.85 

2.03 

4.42 

5,25 

2.07 

3.92 

4,77 

2.14 

3 . 45 

4,26 

2.26 

3.04 

3 . 88 

2.49 

2.77 

3.70 

3 . 03 

2.86 

3.92 

3 . 03 

2.86 

2.08 

2,49 

2.77 

3.71 

2.26 

3.07 

3.91 

2.14 

3.47 

4.28 

2.07 

3.96 

4.79 

2.03 

4.47 

5. 38 

2.00 

4.98 

6.08 

296 


Uncertainty  analysis  done  on  file> 


Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 


in  coolant  temperatures: 
in  steam  temperature: 
in  tube  thermal  conductivity: 
in  flowmeter  reading: 


Uncertainty 

Uncertainty 

Uncertainty 

Uncertainty 


in  Ci : 
in  Aip: 

in  Enhancement  (const  flux): 
in  Enhancement  (const  Dell): 


SlZSftZ  ■ 

0,050  (degC) 
0.400  (degC) 

1 ,000  ( i4/m-K  ) 

0.S00  (pet  flow) 

1  , SB  ( pet  ) 

I  . 0S  (pet  ) 

1.90  (pct"> 

K43  (pet) 


Uncertainty  Uncertainty  Uncertainty  Uncertainty  Uncertainty 


Overal 1 

Outside 

H.T.C. 

H.T.C. 

( pet  > 

<pct) 

1 

9 . 32 

4.39 

n 

8.23 

3 . 36 

3 

7.33 

2.56 

4 

6.42 

2.05 

5 

S.46 

1  .73 

8 

4. 82 

1  .56 

f 

4.03 

1  .53 

8 

4.03 

1  .50 

9 

4.64 

1  .56 

10 

5.48 

1  .7? 

1 1 

6.44 

2.04 

12 

7.40 

2.51 

13 

8.41 

3.20 

14 

9,46 

4.18 

inside 

Heat 

Fiin 

HJ.C. 

Flux 

Delta! 

( pet  ) 

(pot) 

<  pet } 

1  .77 

5 .39 

6.80 

1.61 

4.78 

5.88 

1,86 

4.27 

5.14 

1,93 

3.78 

4.53 

2.07 

3.29 

4.03 

2.32 

2.94 

3.75 

2,89 

2,96 
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